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TRIAL OF GRUSON’S TURRETS AT SPEZIA. 


A TRIAL of Gruson’s chilled iron armor, on a larger 
seale than has yet been attempted, commenced at 
Spezia on Tuesday, April 20. Before describing it, a 
few words of introduction may be desirable. 

The Italian Government, having decided to erect 
two cupolas, each mounting two 120 ton Krupp guns, 


for the defense of Spezia, Herr Gruson was invited to | 


construct them on his system, on the condition that he 
should make a test shield capable of bearing three 
blows from the projectile of the Armstrong 100 ton 
breech-loading gun. A test shield was erected at 
Spezia, and it received its first blow on Tuesday, April 
20, the second on April 24, and the third on April 
29, 1886. 

This experiment is as completely opposite in charac- 


ter to that made with the special Schumann-Gruson | 


cupola at Bucharest as can well be conceived. The 
latter was the attack of armor by comparatively small 
siege guns, whose fire was continued day after day 
from a short distance, and accurately directed. In 
fact, it was the regular breaching of a siege battery 
calling for peculiar powers of endurance (described in 
SuPPLEMENT No. 542, p. 8654). 
Soft armor is specially suited 
to resist a regular breaching 
attack, and both the struct- 
ures tested were composed of 
soft wrought iron, although 
one had a hard steel face. 
The exact opposite of all 
this may be said of this 
Spezia Gruson trial. Coast 
forts must expect to be at- 
tacked by the heaviest guns 
existing, but it may reason- 
ably be supposed that very 
few blows will be actually 
delivered on their sides, for 
there is no likelihood of a 
ship being able to remain 
opposite a fort many hours, 
much less day after day. The 
ship’s fire will consequently 
neither have the accuracy of 
siege fire, which is due to a 
short range and a fixed posi- 
tion, nor will it be very long 
sustained. The power to re- 
sist a few heavy blows is, 
therefore, what is called for. 
This power Gruson’s armor of 
chilled iron admirably sup- 
plies. It forms the hardest 
shield possible. The metal 
transmitting the shock 
through its mass, it is im- 
possible to injure anythin 
covered by it, until the shiel 
is broken and displaced. A 
blow greatly outmatching the 
resisting power of the shield 
may cause wholesale fracture, 
and leave a battery much 
more exposed to future fire 
than would be the case with 
soft armor, which, under such 
conditions, would let the pro- 
jectile through it. In the 
case of Gruson’s armor, the 


| blow performs the maximum work on the shield 
|}and the minimum on the battery behind it, and in the 
| case of soft armor the minimum of work on the shield 
j}and the maximum on the battery behind it. Conse- 
| quently, it may be seen without further comparison 
| that Gruson’s shield is well suited to resist a few heavy 
blows, and is therefore well adapted to coast defense. 
It may generally be assumed that so long as a Gruson’s 
shield stands up in front of a gun, that gun is safe 
| against the next blow, even should that blow greatly 
|outmatch the shield. And the safety of the detach- 
| ment is secured in a peculiar degree by the fact that 
| there are no bolt-heads to fly off and no langridge until 
| the shield is broken up. 

| The chilled portion, which forms the main portion 
and receives the blow, weighs about 87,950 kg., or 
86°56 tons, and is of the shape shown in Figs. 6 and 7. 
In the complete turret there are to be thirteen plates 
similar to this, and three broken by the two gun ports. 
The interior diameter of the cupola is to be about 10 
meters. The shield is chilled white on its exterior 
face. The interior and other pieces of iron are mot- 
tled. The trial plate is fixed between two cheeks of 
liron, which are made large enough to obtain a good 





bearing on the masonry at each side, and thus to put 
the shield in as nearly the same condition as possible 
as that in which it would be placed in an actual tur- 
ret. The recesses at the end of the plate are now 
made to fit, white metal not being necessary to key 
them together. 

The firing took place in St. Maria Bay, in the Gulf 
of Spezia, where the shield was erected facing the sea. 
This shield being intended for a land fort, the experi- 
ment is conducted by General Giovanetti and the 
commission appointed for this branch of the work. 
The gun itself was in the hands of the navy. The 
manufacturing establishments interested in the trial 
were well represented, Herr Gruson and Captain An- 
drew Noble, C.B., being both present. Officers of 
several foreign powers, and representatives from Krupp 
and Schneider's works, also went to Spezia. 

It will be seen that there are to be sixteen segment or 
sector-shaped shields in the turret, with two center 
plates forming the crown. The interior diameter is 
10 meters—382°8 ft. The periphery is not a circle, but 
is formed of sixteen ares of circles, each struck with a 
radius of about 15 ft. or 16 ft., giving an outline sug- 
gestive of that of a pomegranate. Of the sixteen plates, 

thirteen are similar to the 
shield under trial, each weigh- 
ing about 87,950 kg., or about 
86°56 tons. The remaining 
three are lighter, being 
at ae by the ports, the 
ightest being that between 
the gun ports, The thirteen 
unpierced plates will thus 
weigh about 1,100 tons. The 
two center or crown pieces 
weigh together 130,000 kg., or 
128 tons. The total weight of 
the armor is over 1,400,000 kg., 
or 1,450 tons. This leaves 211 
tons for the three pierced 
plates, two of which will be 
something over and the other 
something less than 70 tons. 
The entire running weight of 
shield—1,450 tons—is to be 
supported on an iron ring, 
worked by hydraulic machin- 
ery. The projectile was in- 
tended to strike the shield in 
the same way as it would if 
the path of the shot were 
inclined downward at an an- 
gle of 1 deg. and the shield 
standing on a horizontal base. 
For this purpose, as the gun 
fired siightly upward, the 
shield is, as it were, tilted 
very slightly forward, that is 
to say, forward to the extent 
of 144 deg. in comparison to 
its position set ona truly hori- 
zontal base, deg. for the 
supposed descending angle 
and 4 deg. for the difference 
in level of shield and gun. 
From what has been said as 
to the construction of the 
complete turret, it may be 
seen that the chilled plate 
actually receiving the blows 
was the only part of the tar- 
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get which corresponds to the turret; all other parts | shown in the front of the shield by continuous lines, 
were substitutes. For example, the two large iron side | and on the back in dotted lines seen through as if the 
pieces served to give a bearing on the masonry nearly | shield were transparent. The angle of incidence being 
corresponding to the support which would be afforded | more oblique—34°—than before, the indent of the pro- 
by the contiguous portions of the turret, which should | jectile was less, being about 11¢ in. The projectile flew 
be smaller in area, but more rigid than masonry of| into smaller pieces than before apparently, but the 
the same extent. The mottled iron piece at the top of | blow was sufficient to crack the shield, whieh i 

the shield did duty for the circular crown of the tur-| thinner here, in lines shown in Fig. 17 as m, n, 0, p, g, 7, 
ret, while the mottled piece at the base took the place 
of the plate forming the base of the turret. 

The projectile was in each case a Krupp steel hollow 
projectile forged and hardened. The form and dimen- 
sions are shown in Figs. 13 and 14. Tool marks were 
visible from base to point. The projectile had, of 
course, been hardened subsequently to being tooled. FIa.il 
There was a screw base plug pent Be resembling our 
own. The actual angle of incidence of the first pro- 
jectile with the tangent to the plate face at the point 
struck was 40 deg., and the blow fell a little (8 inches) to 





the right of the middle line, and about as much above HORIZONTAL SECTION THROUGH A.B. 


the designated point. 

The projectile of the second round struck a few 
inches to the right, and high of the point aimed at— 
that is, it struck rather nearer to the point of impact 
of the first round than was intended, with an angle of 
incidence of 44 deg. As on the last occasion, the pro- 
jectile was nearly entirely broken up into small frag- 
ments. One piece, however, of about 561b. weight, was 
found ; ithad formed part of the base end. It is shown 
in Fig. 15. The quality of the steel appeared to be 
excellent. It was pretty hard throughout, though some 


8 much/|o 


last d, and theref: bett a 

ast round, and was therefore now tter su 

In the inside, cracks 7, », 6, 6, and A (see Fig. 18) we, 
formed, and two very small pieces were detached near 
A (see Fig. 18), where the plate had obviously felt the 
blow a. the fragment in the center marked pr 
projecting slightly, and the cracks there being deep and 


ned, 
The firing conditions were as nearly as possible the 
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metal in a softer condition than the rest was said to 
have been found about the center. 

The effect on the shield of the first two shots is 
shown in Figs. 8 and 9. As will be seen in Fig. 8, the 
second shot made amore serious indentation than did 
the first one, the depth of it being about 4 inches, while 
that of round 1 was only 2 inches. Several cracks were 
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found made and opened in the plate (see “2,” Fig. 8). 
Some cracks, marked A, B, C, D, were opened as wide 
as 11¢ inch, and in some places the surface of the metal 
was chipped off. One iron side piece was broken 
through. Fig. 9 shows the back of the plate with fresh 
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cracks ¢, y, and 6, anda small chip off at B. One iron | 
side piece was cracked, as shown in Fig. 8, and the sup- | 
rting masonry was a very little shaken, so that a/| 
ittle space was opened behind the bearings of the 
shield. The plate in these two shots received a con- 
siderable shock. It must, however, be considered to | 
have stood admirably. Noshield had ever yet received | s, and ¢, as well as a small crack connecting g with | 
two such blows as this. The weight of the shield is| point of impact 1. The portion of plate between ¢ and | 
reat, so that the striking energy per ton is not very | the edge was entirely separated from the rest of the | 
arge. It must, however, be remembered that, owing | shield, so that it could be removed. It extended to the | 
to the excellence of the steel, a much larger proportion | depth of about a foot at the plate edge, but rapidly | 
of the striking energy of projectile is impressed on the | curved up to the surface at ¢t. In spite of this cracking | 
plate than usual. | and splitting, however, the shield appeared not only to | 
The third shot was delivered on a spot close to the| be in condition to receive another blow, but Herr | 
center line running down the shield and about a meter | Gruson thought its position improved, inasmuch as it 
from round 1—see Fig. 17—on which the cracks are! had so sprung as to close the opening visible at the 
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same as in the two previous rounds. The third Krupp 
forged steel projectile was employed, its weight being 
made up to 1,000 kg., or 2,204°6 lb.—nearly aton. The 
charge was again 375 kg.—826°7 lb.—of Cologne pris- 
matic powder. The striking velocity was 536°1 meters 
or 1,758°9 ft. per second; the striking energy being 
therefore 14,651 meter tons, or 47,306 foot tons. Pres- 
sures in the bore were registered as 2,010, 1,973, 1,985, 
and 2,025 atmospheres, the mean being 1,998 atimo- 
spheres, or 13°11 tons per square inch. The charge, 
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as in the preceding rounds, was made up in four car- 
tridges ribbed longitudinally with serge rolls, so as to 
make the charge lie in the bore with a space round it. 
On the whole, the shield acquitted itself admirably, 
for it had borne the three blows without any piece of 
any importance being dislodged in the inside. The 
small pieces, from parts shown shaded, which came off 
appear to have been shaken or dropped down rather 
than flown out, and a detachment of men behind this 
shield would have remained uninjured. Bolt heads 
generally fly with violence, because their fracture is 
due to a strain on the bolt, which causes them to 
spring. into the interior. This does not seem to 


FIG.17 
































FRONT OF SHIELD DEVELOPED. 

‘be the .case with pieces that may be dislodged by 

cracking. At all events, it must be admitted that the 

defensive,power of a shield which resists three blows of 

the projeetile of the most powerful gun in existence is 

remarkable. 

The following table gives the details as to velocity 

and energy of each round : 

Ballistic Power of 100 Ton Breech-loading Armstrong 
Gun Fired at Spezia on April 20, 24, and 29, 
1886. 











Number of round, First. eres Third, 

Velocity at muzzle in meters........... | 541°9 540°1 
" we ll | 2 

587°5 


at 85 meters in meters......... ... 
at 278°9 feet in feet... 


537°3 
ican 1769°4 | 1763°5 
at point of impact in meters, 536°1 


537°9 





: in feet 1764°8 | 1758°9 

Energy at muzzle meter tons 14,966 | 14,871 

zs: gs ‘oot tons Ee 48,326 | 48,019 

at point of impact meter tons .........| 14, 14,747 | 14,651 

- “* = feot toms........ 47,499 | 47,629 | 47,306 

e sg “* per in. cir. foot tons,; 882°8 | 896°9 | 888°6 

Perforation in wrought iron at striking, inches.) 31°2 31°2 31°1 
Angle of incidence of projectile with tangent | 

Ona 05 cnctsiss gus cciece eeccees--++---| deg, | 44deg. |3444 deg 
Energy in foot tons at impact per ton of shield.| 548°9 | 550°1 | 54 


a en 





The following is the resume of the official reports of 
the trials. The segment tested was proved to possess 
satisfactory resistance, because, having received blows 





| Journals are 34¢ in. in diameter and 7 in. long. 








from three projectiles of cast steel, each with a mean 
energy of 14,700 meter tons, reducing to 163 meter tons 
per ton of segment, and notwithstanding the unfavor- 
able conditions of installment under which it received 
the third blow, it preserved so much of its essential 
strength as defensive armament, still being in good 
condition as regards its inner surface. 

Consequently, as far as regards the fact that pieces 
were detached from the interior surface of the segment 
after the third blow, the structure, in literal construc- 
tion of the terms of the first line of article 4 of the 
supplemental contract, could have been rejected, the 
commission, considering that the small pieces detached 
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BACK OF SHIELD. 


were not projected, but fell vertically on the bottom seg- 
ment, and taking into account the state of disconnec- 
tion between the segment and its supports, provided 
for in the last line of the same article, concluded to ac- 
cept the structure as tried. 

The projectiles were submitted to examination after 
the trials, and were also found to be of the best quality. 
—The Engineer and Revisia di Artigleria e Genio. 








HIGH SPEED ENGINE. 

In the Liverpool exhibition, Messrs. Robey & Co., 
of Lincoln, among other exhibits, show a high speed 
engine, illustrated herewith, which has been specially 
designed for working electric light machines on board 
ship, or for any other condition in which great 
power is required in a small space. The engine is de- 
signed to work with steam of high pressure and 
at 150 to 350 revolutions per minute, all the wear- 
ing parts having large surfaces. The method of 
lubrication is the principal feature of novelty. 1 
lower part of the base plate is shaped so as to form 
an oil well, into which the big end of the connect- 
ing rod dips at each revolution. The under side of 
the connecting rod strap has attached to it an open 
“licker,” communicating with the oil grooves in the 
brasses. This licker, passing rapidly through the oil, 
forces a small quantity into the crank bearing at each 
revolution. The remainder of the oil is thrown upon 
the small end of the connecting rod and on to the 
slipper guides. At the cylinder end of the guides is 
a large hole, 4 in. in diameter, from which a pipe takes 
the surplus oil back to the well. A hinged cover 
incloses the crank pit and prevents the oil splashing 
over. The engine is 6 horse power nominal ; the crank 
pin is 34% in. in diameter by 4 in. long. The — 
vw ne 
bearings of these journals are brought close up to the 
crank webs in order to avoid bending strains. When 
used for electric lighting, the engine is mounted ona 
cast iron base plate, on which the dynamo is also 
placed. The base plate is provided with lugs and ad- 
justing screws, so that the driving belt can be tightened 
without stopping the machinery.—Hngineering. 
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THE COMPOUND ENGINE 
THE HIGH PRESSURE 
GINE. 


COMPARED WITH 
CONDENSING EN- 


By F. H. WALTON. 


From the promiscuous uses to which the compound 
engine has been put of late years, it may be surmised 
that there are many steam users—and engineers as 
well—who do not know its relative value ; for this rea- 
roe tone present paper is written to call attention to the 
subject. 

It is well known that in the early history of the steam 
engine, the compound engines of Hornblower and 
Wolfe struggled for places as competitors; but by the 
superior performance of the common condensing en- 
gine using steam expansively, it was found that there 
was an absolute waste of gee in the compound en- 
gine. When everything else was equal, this wasted 
power amounted to that acting as back pressure on 
the high pressure cylinder ; and to-day this important 
item has not been overcome, in spite of the improve- 
ments said to have been effected in the compound 
engine. 

In the Cornish mines, the engineers used tolerably 
accurate means of testing and comparing their engines ; 
the amount of water raised to a given height by a cer- 
tain volume of steam under a given pressure was a 
test of the quality of the engine. They found that the 
more expansively they used the steam, the qrese was 
the performance of any particular engine. The boiler, 
too, came in for its share of attention, and the Cornish 
boiler, with its return flues, only succumbs to the 
modificaticns of the same boiler used at the present 
time. 

When engineers were so intent on getting the t- 
est amount of work from given weights of fuel, the 
competitors could not, for their reputations’ sake, find 
places for a compound engine, and it met its fate in its 
first stages of infancy, its merits having been duly con- 
sidered and thoroughly understood. 

We only need a few examples to show how much 
inferior is the performance of a compound engine us- 
ing the same amount of steam as another simple engine, 
when the combined cylinder capacity through which 
the pistons travelin a given time is equal to that of 
another engine in which the steam of the same density 
is equally expanded before it is open to the condenser. 

To begin with the high pressure cylinder of the com- 
| pound engine, we will let it have an area of piston 
}equal to 300 square inches, and let it commence its 
| stroke under a pressure of 100 lb. per square inch. ‘By 

cutting off steam at half stroke, we let it escape into 

the receiver or second cylinder under a pressure of 50 

|lb. per square inch. By making the second cylinder 
four times as large as the first, and giving the piston an 
area of 1,200 square inches, we would work this steam 
down to a pressure of 10 lb., that is5 1b. below the pres- 

|sure of the atmosphere, before we allowed it to escape 
| into the condenser. 

Under such conditions, the steam in the high pressure 
cylinder would act with a mean pressure of 8744 Ib. _ 
square inch. If there were no back pressure, and this 

| piston were to travel through 400 feet per minute, the 

| power produced would be equal to the force of 318 

horses; because, according to the common mode of 

| calculation, we have la 318 H. P. Butthe 
| mean back pressure would be about 31 lb. per square 

| inch, which would reduce the effect by 112 H. P. 

| We will follow the steam through the second cylinder, 

to find that, with everything considered, it would act 

with a mean pressure of 81 lb. per square inch. Then 

a piston having an area of 1,200 square inches, moving 

with a mean effective pressure of 31 lb. per square inch 

through a space of 400 feet per minute, will perform the 
work of 451 horses, according to the worked example 
here given below: 

1,200 31400 _ 

33,000 ay 
opposing the piston of the’ high pressure cylinder, we 
would have a combined force equal to the power of 

769 horses performed by the two cylinders. As it is, 

however, it is minus 112 H. P., which must be deducted 

from the compounded type of engine. 

In another example, let us add the two cylinders 
together, and allow the same amount of steam to pass 
through the one thus formed as there through 
the two cylinders of the above example, and let the 





451 H. P. 





But for the back pressure 





one piston having an area of 1,200 square inches pass 
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through the same cubical space in a given time as did the 
two. We have the conditions as nearly similar as they 
can be made, and we can thus trathfully compare the 
merits of the two systems of using steam. 

Whether we allow the piston speed to remain the 
saine, and increase the area of the low pressure piston 
to 1,500 square inches, or increase the speed of the pis- 
ton from 400 to 500 feet per minute, and allow the pis- 
ton to remain as it is with 1,200 inches of area, we have 
precisely the same result as far as cylinder capacity is 
concerned. We have the same cubical capacity travers- 
ed by the single piston in the same time that it was 
traversed by the two pistons of the former example. 

Let us, then, add one-quarter to the stroke of piston 
of the low pressure cylinder, and make its parts so 
strong that the pressure of 100 lb. per square inch will 
not injure it or any of its connections. his addition, 
being equal in cubical contents to the high pressure 
cylinder of the former example, gives us a new cylinder 
equal in capacity to the two. Now, if we allow the 
steam from the boiler to follow the piston through one- 
half of the additional part of the cylinder, and then cut 
it off, we have exactly the same quantity of steam that 
was used in the former example. This steam, thus being 
cut off at one-tenth of the stroke, allows the same grade 
of expansion to take place ; and after traversing one- 
fifth of the stroke, the steam enters the = ata 
point beyond{which its capacity is equal to the low pres- 
sure cylinder of the former example ; and the steam, 
having undergone one grade of expansion, as in the 
former case, enters the cylinder beyond this point at 50 
Ib., and is carried to the end of the stroke, expanding in 
the same manner and producing the same effect that it 
did in the low pressure cylinder of the first example. 
But the high pressure steam, acting in the additional 

rt of the cylinder under a mean pressure of 87°5 Ib., 

ving traversed at the rate of 100 feet per minute, has 
given out the force of 318H. P. As the opposite side of 
the piston has been open to the condenser during this 

rt of the stroke, there has no deduction to be made 
‘or back pressure ; and, owing to this circumstance, the 
simple high pressure condensing engine, using steam 
highly expansively, is only so much superior in its 
effects to the compound type as is the force lost by 
this back pressure while acting to oppose the motion 
of the high pressure piston of the compound engine. 

As the piston follows to the end of the stroke during 
the remaining four-fifths, the result of the piston acting 
in two parts, when added together, amounts to the same 
thing as in the former example, excepting the lost 112 
H. - But the single piston has traversed 500 feet in 
one minute through a space which combines that of 
the two cylinders of the former example, but fully 16 
per cent. of work additional has been performed with 
the same amount of steam. But in such a case, where 
high pressure steam is leton toa large piston, the 
piston, piston rod, and all their connections must be 
made sufficiently strong to withstand the shocks re- 
sulting from its use. 

For stationary engines, where heavy balance wheels 
may be used to equalize the motion of the main shaft, 
the compound engine cannot be made to do work as 
economically as that of the high pressure condensing 
type of engine using steam expansively, when the 

ree of expansion is the same in all cases. 

n marine engines, the compound type may in some 
cases be used to advantage; but it cannot long hold 
the piace it holds to-day among engineers. It will surely 
be superseded by the simple form using high pressure 
steam expanded indefinitely, where one, two, three, 
or more steam cylinders will be used, and where the 
use of heavy balance wheels will be found to have ad- 
vantages instead of objections, if the bulk of weight is 
thrown out into the rim to give the greatest possible 
momentum. 

The improvements in the ‘‘modern marine engine ” 
consist more in the use of high pressure steam and an 
improved boiler, and in the universal introduction of 
the surface condenser, than in the compound type of 
engine. By using high pressure steam expansively, 
less volumes of steam are made to do more work than 
formerly ; the great loss occasioned by the latent heat 
of steam is thus considerably reduced. 

In the above examples due allowance has been made 
for the extra rate of expansion derived from the super- 
heating of steam. 31 1b. per square inchof pressure, as 
the mean result during the stroke of piston through 
the low pressure cylinder, may be a high estimate, 
which can only be obtained by the use of a good su- 
ae: but it serves equally well for the sake of 

ustrating our subject, because the conditions were 
taken as equal in both cases. With less pressure in the 
low pressure cylinder, we have less work done, and 
also less back pressure against the piston of the high 
pressure cylinder. In practice, 6 to8 lb. above the 
atmosphere, or a total of 21 or 23 lb., are the figures 
indicated mostly by the gauges placed between the 
two cylinders or on the receivers into which the steam 
of the high pressure cylinder of compound engines ex- 
hausts, and from which the low pressure cylinder takes 
its steam. 

But at sea we have not many good engines of the 
simple condensing type in use, if we except those of 
the American rivers, of which the Pilgrim, of the New 
York and Providence line, isa splendid example. On 
land we have the Cornish engine, which is operated by 
the same kind of valve as the American river engine, 
and also the Corliss engine and its imitations, whose 
valves are arranged to cut off the steam at any part of 
the stroke required. Give these engines something to 
do at sea, gentlemen. They are types worthy of your 
ingenuity. 





IRON PLATE RESERVOIRS. 


Dr. FORCHHEIMER recently presented to the Gene- 
ral Assembly of German Technologists, who are occu- 
pied with water and gas, a note upon the construction 
of iron plate reservoirs, the object of his communica- 
tion nomag to bring into prominence the labors of 
Engineer Intze and _ the patents that he has conceded 
the making of to F. A. Neumann, of Aix-la-~-Chapelle. 
In addition, the paper contained a tolerably complete 
study of the subject of metallic reservoirs, of which we 
shall recapitulate the principal points. 

We shall omit reference to cast iron reservoirs, which 
are the older. The first iron plate reservoirs were 
rectangular tanks, with vertical sides, and with hori- 
zontal flat bottoms resting upon T-irons. In these no 
precaution was taken to give the bottom a form such 


as to resist the stresses to which it was to be ex E 
Besides, these reservoirs were much too heavy. In the 
second type, still generally adopted, the reservoir is 
cylindrical and the bottom is convex. By this ar- 
rangement the surface of the vertical sides is reduced, 
asis also the weight in the same proportion. More- 
over, the weight of the iron bottom is less, since calcu- 
lation shows that thinner plate can be used in this 
form. 

In order to estimate the stresses that the iron plate 
is subjected to in a bottom of this nature, let us sup- 
pose it intersected by a horizontal plane, and let us 
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Fra. 1. Fia. 2. 


consider the part situated beneath such plane. This 
portion of the bottom will tend to fall under the action 
of the pressure that it is supporting; but, at the same 
time, in the plate of the entire circumference, there will 
develop elastic reactions which will balance the pres- 
sure of the water. 


‘Ve shall suppose that the bottom is not spherical, but 
that it remains a surface of revolution. On projecting 


Fia. 3. Fig. 5. 














Fra. 4. Fria. 6. 


the forces upon a vertical axis, we shall have the equa- 
tion of equilibrium: 


vy (h—w) xyt+y 9 ty¥de*xyssin f =o 


and as sin 8 = cos a, we deduce 
¥ (h—2) ¥ 
$= y+ yYdea (1) 
cos @ 2ycosa ¥ ° 


Fia. 7. 








Fra. 8 Fra. 9. 


It will be seen that, upon any-meridian whatever, s 
varies in measure as we leave the low point. 

But, besides the tension s in the direction of the me- 
ridian, the iron plate undergoes a stress, t, in the 
direction of the parallel. In order to calculate ¢, 





let us consider a strip of iron plate included between 





Let us denote by s the tension of | will differ from d (s cos A X2y). F 
the plates per running foot of the parallel in the direc-| pressure of the water upon each element of a bc will, 
tion of the meridian, and by y the weight of a cubic} when projected upon the same axis, give a force 
foot of water, and for other data let us consult Fig. 1. |» (h—w)2y da. 





two e y close semi-parallels. This will i 
equilibriam under the action of the forces » directey 
downwardly, of the forces s + d s, directed upwardly 
of the two forces ¢t ad A, applied at a and e (Fig. 2), and 
of the pressure of the water upon the element a b ¢. 
The sum of the projections of all these forces upon 
the horizontal axis at right angles with the diameter, 


H a 








Fia@. 11. Fia. 12. 


a c, will necessarily be null. The forces, t od f, will be 
projected in their true magnitude ; and it is easy to see 
that the sum of the projections of the forces s, from a 
to c, will be equal to s cos 8 x 2 y, and the sum of the 
»rojections of the forces s + d 8, in corey direction, 

inally, all the 


The equation of equilibrium will be, then : 
d(s cos 8 X 2y)+y (hw 2yda-RtpdB=o. 
On developing the differential and employing the 
relation [1] in order to eliminate d s, we obtain the sim- 
ple expression : 
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Fira. 13. Fria. 14. 


As the low point is an umbilicus, the spherical sur- 
face is in its immediate vicinity, and, consequently, 


"n 
A, = 





’ 
cos @ 


and, on making 2, = 0 ¥, = 0, we shall have at the 
low point : 
1 


s=t=—yhpu. 
2 


The equality of s and ¢ in this case is evident, a 
priori, since here all the directions are those of the 
meridian and that of the parallel reduced to a point. 

As it is necessary to always determine the thickness 
of the plates so that the greatest tension may be resist- 
ed, it would seem rational to give the bottom sueh a 
form that we should have s = ¢ everywhere. 











Fria. 16. Fie. 17. 
— ing such a condition, the equation [2] will be- 
y (h—a) ty 
t= y 
cos a p COs &, 
which gives : P 
. x (h—z) p 
s=t= [3] 
p cos @ 
1 4- ———_ 
y 
or, again : 
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p=——— ‘4] 
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We can, by giving the low point a radius of curva- 
ture ~:, graphically compose a meridian, s, of portions 
of an are for which the formula [4] verifies itself. Prof. 
Intze traced such curves, and found in faet-a slightly 
less weight of iron plate than for the spherical bottom. 











These last formulas show very clearly that s and ¢ di- 
minish in measure as we get away from the lowest 
point, and, besides, that s is always greater than ?¢. It 
will suffice, then, to calculate s in order to determine 


the thickness of the plates; and, if we adopt a uni- 
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Fie. 18. 


On the contrary, the net cést was higher, for spherical 
bottoms have the decided advantage, in this case, of 
everywhere possessing the same curvature, thus per- 
mitting of all the plates being shaped upon the same 
form. 

We have, then, only to return to the spherical shape. 
In this case p=R, and the application of formulas [1] 
and [2] will give: 


Pg Pg 

s=y (h—xv) —+ 7 — R?—y— RB. [5] 
2 2y 6y° 

t=y (h—x) R—s. [6] 


These formulas can be further simplified by making 
a sufficiently approximate calculation. We may, in 
fact, suppose a parabolic curve that shall, throughout 
nearly its entire extent, be confounded with the me- 


ridian of the spherical bottom. 


zy 


But then a yYda2 








will equal , and formula [1] will become: 
9 
x y’ v\p 
Re TS ee eT 
2’2 cosa 2/7 2 
and as 
2\R 
p= R, s=7(r——)— [5a] 
2/7 2 
and 
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form thickness for the bottom, if will suffice to calcu- 
late s at the lowest point, which will give 
1 
e=-yvyAR=¢ [7] 
2 
Reservoirs rest upon a circular support, generally of 
cast iron, which must be strong enough to support the 
thrust of the bottom without the aid of the cylindrical 


shell. Let G be the weight of the reservoir full of 
water, and Dthe stress of compression which acts 


upon the support. The equations of equilibrium in 
horizontal and vertical projection will give (Figs. 4 
and 5): 
D=ssineaxr G=scosaX2ar 
whence 
tga 
D=G— [8] 
22 
For a= 30° 45° 60° 75° 
we have — = 0°0024 8 8=0"159 0-273 0°594 
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We shall finish what relates to the calculation of a 
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reservoir with convex bottom by a remark oy 
erection of a spiral staircase in the tower. In this 
case, the stress supported by the plates at the cirele of 
penetration of the cylindrical shell and of the spheri- 
cal bottom is notably increased. If the entire bottom 
be formed of a uniform thickness of iron plate, it 
will be necessary to ree! the form of the meridian ; 
for example, as shown in the diagram in Fig. 6. 

We present herewith seven examples of the kind of 
reservoirs for which we have just given calculations. 

Fig. 7 shows a 42,380 cubic foot reservoir construct- 
ed at Halle. In the first project, the annular support 

















Fie. 21.—REMSCHEID WATER TOWER. 


was too weak, and Mr. Intze had to strengthen it. In 
addition to this, he increased the pitch of the spherical 
bottom. Inthe Essen reservoir, of 70,000 cubie feet, 
pees the largest existing one of iron plate, Mr. 

ntze was likewise led to strengthen the annular sup- 
port, and, as the nature of the soil brought about 
unequal subsidences of the masonry, he made the ring 
of wrought instead of cast iron. Figs. 8 and 9 show 
the mode of construction adopted. 

In Figs. 21 and 22 is shown a water tower construct- 
ed for the city of Remscheid, and in connection with 
which Mr. Intze was led to make some researches that 
are the object of his patents, and that-we shall make 
known. 

As the sphere is not a developable surface, it is im- 
possible to bring iron plates to this form without ex- 
panding certain parts and compressing others, from 
whence there evidently results a weakening of the 
resistance. Is it possible to overcome this difficulty, 
and at the same time effect a saving in cost, by discard- 





22.—VERTICAL SECTION. 
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Fie. 23.—SZEGEDIN WATER TOWER. 


ing the pe form ? The shape that at once sug 
gests itself to the mind is the conical. In the case of 
a conical bottom held by an annular support, equations 
[1] and [2] become (Fig. 10): 


1 , 2 5 
s=yu—y h——za ) [9] 
af 3 
l 
t=y—y(k— 2) [10] 
f 


sis maximum fora = % h,andtforw= %h. If we, 


determine the strength of the plates from these values, 
we find that a conical bottom is 40 per cent. heavier 
thana spherical one having the same inclination to 
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Fie, 4.—THIONVILLE WATER TOWER. 


bau. 





the supporting ring. The conical form, then, it would | 
seem, should be rejected. But it is not indispensa- 
ble, @ priori, to place the annular support under the 
|arris that externally limits the conical bottom ; it can 
be placed above. In such a case, we shall have on the 


| 





one hand a suspended internal bottom in which the 
plates are under tension, and which will be calculated 
as above, and, on the other hand, a supported external | 
bottom in which the plates operate by compression in | 
the direetion of the generatrices and by extension in | 
that of the parallels. | 
Referring to Figs. 11 and 12, and designating by G the | 
weight of water to the apex of the cone, whether the | 
latter exist or not, we may determine by the process 
| that has given us the values s and ¢ (equations Fr and 
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Fie. 25.—IRON PLATE PETROLEUM TANK. 


[2] ) the stress of the compression, 8S, and the tension, 
lr, perrunning foot. Weshall thus easily obtain the 
equations of the equilibrium. 
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Scos@a xX 2ay =@—yxy(H—-2) 
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2T ds=y(H—a)ds cosa x 2y—dSsina xX 2y 





dy 
with ds= 
sin @& 
Frow this we get: 
oe _ Wy (H — ia) [11] 
~~ Qary cos a@ 2 cos @ 


T = yH (cos a+ } sin atga)y+ 


tgasina me: i 
= igati)y 12) 
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These relations will not change if the form of the in- 
ternal bottom be modified. It will be possible, there- 
fore, to suppress the point of the cone, which only 
serves to hold a lot of water that is of little use, since jt 
is situated too low down, and to replace it by a cone 
directed upward. Designating, then, by 6 and r the 
stresses of ———— analogous to the stresses 8 and 
T, we shall find for the internal bottom (Fig. 13), 





__ h+ja ; 

o=7 gsin 3 13] 
h+a 

sin Bp” [14] 


rt will be almost double 6, and will alone determine 
the thickness of the plates. If, instead of a re-entrant 
conical bottom, we adopt a spherical dome-shaped one 
(Fig. 14), the preceding equations will become 
a\r 
6=) (n+3)5 (15) 
t= 7[h+a|r—6 [16] 
While the external conical bottom tends to compress 





~didemeabunanabas + Oe 














—a = =— 





























Fre. 26—IRON PLATE GASOMETER. 


the annular support, the internal one tends to distend 
it. Profit may be taken of this to balance these two 
actions by making . 

S sin a= cos 8; 


Ss 
whence, cos 8 = 3 sin x 
We thus manage to greatly relieve the annular sup- 


ort. 
When the internal bottom is wider, as in the case of 
large reservoirs, the cone occupies too much space, and 
uselessly lessens the tank’s capacity. In this case the 
top of the cone is made coneave (Fig. 16). This in no- 
wise changes the stresses that occur upon the annular 
support, and this part will have less surface and a 
slighter tension, especially if a small radius of curva- 
ture be given it. ‘The connection with the conical part 
is effected by a simple angle iron. 

A spiral staircase is often constructed in the middle 
of large reservoirs. It will prove advantageous, when 


| the dimensions of the tower are large enough, to adopt 
| the arrangement shown in Fig. 17. The internal cone 


is replaced by a series of irons bearing at once against 
the annular support and the cylindrical shell of the 
staircase, and supporting plates that are strongly curved 
toward the base. These plates must be of slight thick- 
ness, 

We have now seen what advantages are possessed by 
various forms of bottoms, and how the thickness of the 
plates is calculated in one definite form. This would 
not suffice in the construction of a water tower, since, 
if some form be adopted in a general way, it will be 
necessary to establish the ratio between the height and 
diameter, as that has a notable influence upon the cost 
price. It will therefore be necessary, for the various 
values of one such dimension considered as variable, to 
ealeulate the cost of the various parts (masonry, wall, 
and bottom), and to add to the sum the capitalized 
cost of making. This done, we lay off the variable 
dimension in abscisses, and the total cost in ordinates, 
and, passing a curve through all these points, at once 
find the most advantageous dimension—that which 
corresponds to the lowest part of the curve. 

Fig. 18 gives a graphic curve of this kind for two 
forms, established for a projected reservoir of 19,000 
cubie feet at the Neu-Stassfurt salt works. For 
greater clearness, the forms corresponding to the de- 
terminate points are here represented in a summary 
way. We here clearly see the advantage of the ex- 


| ternal, conical bottom, with re-entrant cone, over the 
|ordinary spherical bottom. The same result was ob- 


tained for a ten thousand cubic foot reservoir for the 
Rhenish railways, the cost being found to be $3,400 for 
the conical bottom tank, and $4,200 for the ordinary 
bottomed one. 

As examples of reservoirs projeeted by Mr. Intze, 
we give (Figs. 21 and 22) the water tower of the city of 
Remscheid ; the Szegedin reservoir (Fig. 23); the 
Thionville double reservoir (Fig. 24); and the Duren 
reservoir (Figs. 19 and 20), which has a capacity of 
35,000 cubic feet, and the level of the water in which is 
150 feet above the ground. 

Apropos of this latter, we may point out an archi- 
tectural advantage in favor of the Intze system. Had 
in this case an ordinary reservoir been adopted, it 
would have had the form of a cylinder 150 feet in 
height, the reservoir having the height of the tower. 
In order to coneeal what there is »f monotonous and 
ugly in such a structure, it would have been necessary 
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to have recourse to all sorts of artifices, such as giving 
relief by means of an enormous projecting cornice, by 
jilasters, and a kiosk over the staircase, ete. All this 
would have cost money, and the final effect would have 
been paltry at the best. An inspection of Fig. 20 will 
show that the Intze system, on the contrary, thanks 
to the projeetion of the tank beyond the tower, lends 
itself with the greatest facility to architectural deco- 
1on. 

rae 25 represents a petroleum reservoir constructed 
by Mr. Intze for a well near Theissen. This reservoir 
holds 16,500 cubie feet of oil rich in gas. The form 
adopted is the most advantageous one for an entirely 
closed reservoir, since it answers to a minimum of sur- 
face. There isa project afoot to construct five more | 
of these reservoirs of the same capacity. 

Where the ground is bad and is incapable of sup- 
porting much of a load, it becomes very difficult and 
expensive to construct a masonry gasometer, since it 
requires the entire surface occupied to be covered with 
piles. In such eases it would prove advantageous to 
adopt an iron plate gasometer. It would be ouly 
necessary to drive down a ring of piles, and build a 
low wall upon these, and place the tank uponit. A 
gasometer on this plan has been constructed at Em- 
merich, and another one at Wurzen. This last is 
shown in Fig. 26. In this kind of reservoirs the bottom 
should be raised very high, and be made to occupy as 
much space as possible, so as to diminish the weight 
of the contents, =p ey, of aecess beneath for stop- 
ping leaks, ete.—Le Genie Civil. 
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SIBLEY COLLEGE LECTURES.—XI. 


BY THE CORNELL UNIVERSITY NON-RESIDENT LEC- 
TURERS IN MECHANICAL ENGINEERING. | 


THE “ LABOR PROBLEM.” 
WITH A DISCUSSION BY PRESIDENT ADAMS AND 


| laborers t 


originally had in view, that is, the vindication of the 
power of the Knights of Labor as an organization. To 
do this, it was better not to have a concrete grievance, 
for victory in that case would be regarded as a triumph 
of justice, and not of power. It was thus a sign of 
weakness, and even defeat, when in the Southwest, as 
on the Third Avenue railroad, the strikers began as a 
second thought to collect evidence of tangible abuses. 
It gave away the original object of the movement. 
But in a strike merely to assert their power, the labor 
organizations would never command the sympathy of 
the American ple. That was not the method of the 
English race in any partof the world. They would 
fight hard against an actual evil, but they never had 
fought, and never would fight, to establish an abstract 
theoretical proposition. Nor would 7 sympathize 
with a struggle conducted on any suc 8, with 
strikes precipitated upon the country without just 
cause, and for no apparent reason, unless it were they 
might afford occupation to Mr. Powderly, Martin 
Irons, O'Donnell, and the rest, and thus keep up the 
flow of contributions from their deluded victims. 

In regard to labor organizations in general, they 
were, of course, unassailable so long as they kept 
within the law, and in some cases they might render 
real service. But he was in doubt whether, as now 
conducted, they would not prove an evil rather than 
a benefit. For one thing, they must have a tendency 
to lower the quality of service performed, when they 
make it a part of their mission to prevent the dis- 
charge of poor workmen, and thus incidentally to 
prevent the recognition of superior merit, and to dis- 
courage individual zeal and ambition. Again, their 
_— favored the perpetuation of class distinctions. 
lf the workingmen were to be knit together in iron- 


| bound leagues, which claimed all their attention and 
| loyalty, the effect would be to eee individualism, 
i 


to develop an exclusive class feeling, and lessen the 
rapidity of that movement which in this country has 
omnneee re-enforced the ranks of capitalists from the 

emselves. But this subject was a vast one, 


OTHERS. é 
. and he could only throw out these suggestions for 


Second Session. reflection. In conclusion, he warned again against 

PROFESSOR THURSTON: In continuing the debate | encouraging workingmen by delusive and impossible 
which has proved so interesting and so instructive, it|schemes. With every proper 7 to improve their 
is our good fortune to be permitted to listen to an ex-| lot, the people of this country would heartily sympa- 
pression of views of another member of the Faculty of | thize; but only mischief would be done by holding 
the University, whose studies in history and political | out to them the hope that society was to be or could 
economy have often led him over the ground which we | be radically changed in such a way as to reverse their 
are now traversing, and whose well-known accuracy in| relations to the labor-employing capital of the coun- 
matters of fact and logical methods of thought make | =r 
him an authority, and an accepted one, in mattersof| Professor THURSTON: The discussion of the labor 
social and political economy. It will be a pleasure to | question has, so far, been conducted from a single 
all. | am sure, to hear what Professor Tuttle may be| point of view. The subject comprehends the relations 
inclined to say on this subject. | of two great classes to each other—the capitalist and 
Professor TUTTLE said, in substance, that one of the | the employer of labor on the one hand and the work- 
things which disqualified him for discussing the labor | ingman, the employe, on the other. It is somewhat 
sroblem was his skepticism about the existence of any | important to a correct settlement of the question that 
labor problem of the unusual and momentous charac- | we obtain the views of the first class as expressed by 
ter which many persons profess to see. That was to|some one who can fairly represent that class, by a 
say, the questions underlying the present troubles|man who wields large capital, who is accustomed to 
were not essentially different from those which had|employ large bodies of laboring men, and who is 
appeared in other ages of civilized society. The rela-| known to be a man of large experience, of judg- 
tion between half a dozen workingmen and their em-| ment, of kind heart, andfairin mind. We hear much 
ployer, or between a thousand workingmen and a group | said in behalf of the laborer ; it is not often our privi- 
of employers, was always, and naturally to a certain ex- | lege to hear what those whom he is too often disposed 
tent, one of rival forces. The workingmen desired to get | to regard as his natural enemies would say in his be- 
the highest possible price for their labor. Theemployer | half as well as in their own. It is not impossible that 
desired to get labor at the lowest possible rate. This|a man of the capitalist class, who is a good man and 
was @ cluagtactatesnent of the labor problem as it had ex- | a good citizen, whose earnestness and honesty of pur- 
isted in all ages ; and while the greater complexity of | pose, whose wisdom and integrity, are known to us all, 
modern social institutions, the more rapid means of | may be able to present views that may awaken new 
communication, the greater facilities for exchanging | thoughts in our own minds, and give us an insight 


oppressors of labor. They are not. As a class they 
to promote the real interests of labor—to promote edu- 
cation, morality, and religion—than any other class in 
the land. Nothing could be more unjust, more lack- 
ing in truth, than the charge that they oppress the 
laboring man, or desire to. 

The y-is not there ; Ir uality 
of that class of laborers who forget tbat with, pru- 
dence, economy, and self-denial, such as our forefat 
cheerfully practiced, and such as most of the wealthy 
men of to-day once Dax meagy o any man in afew 
yoare lay some foundation for a comfortable compe- 

ney. ithout the exercise of these qualities, most 
men will fail to do so, and ought to. T world owes 
no man a living unless he squarely earns it. Let this 
be remembered. The farmercannot have corn with- 
out plowing and planting. gathering and saving. 
The remedy for present evils is not in combinations to 
force from capital already earned, and possessed by 
somebody, an unjust demand for more wageer-Ses 
is the freebooter's method ; not by co-operative part- 
nerships, not by schemes of social reformers, who 
assume that they can manage the affairs of all man- 
kind with more wisdom than they have yet acquired, 
each acting for himself under the pressure of his own 
interests. The world is not ready yet to accept or 
even to try the methods of these self-appointed re- 
formers. ‘The remedy is in the moral elevation of men 
to the point where they are willing to do justly, to 
perform their contracts, to be true to all their obliga- 
tions ; to be industrious, prudent, saving ; to practice 
self-denial when need be while laying foundations for 
future wealth and comfort ; and to be contented and 
manly in the sphere wherein God has placed them. 
These qualities in the laborer, and on the part of the 
employer such breadth of justice, wisdom, and kind- 
ness as we may reasonably expect, will best serve to 
jan up the great industrial interests of this country, 
and wi 
peaceable methods. Until this moral condition is 
reached, there is but one other remedy by which tur- 
bulence and anarchy, such as now exist in portions of 
our country, can be suppressed. That is in these 
three words—‘* Enforce the laws!” 

Professor THURSTON : It would be impossible to ob- 
tain a better exposition of the subject from that point 
of view than has been given us by the last speaker ; 
but we cannot have too many lights thrown upon so 
important a subject, and it will interest us all to hear 
what is thoughtof it by another gentleman, who, I 
see, has attended very closely to the discussion now 
approaching its termination, and who is likely to have 
some views formed in the course of a long experience 
in that pursuit which underlies all others, the founda- 
tion of all the arts, the art of agriculture. it will give 
us all great pleasure to hear what Professor Roberts 
may be willing to offer us, speaking, as he himself says, 
‘from the end of the hoe-handle.” I have now the 
privilege of introducing the Professor of Agriculture of 
Cornell University, Mr. Roberts. ; 
__Professor ROBERTS. Since more than 75 per cent. of 
all the people in the United States are so poor when 
they attain majority that they are compelled to put 
forth immediate effort of both brain and hand—and 
that it is so is the salvation of a great republic—labor 
will always be in excess of capital, according to the 
laws of supply and demand. 

We can only solve the problem, therefore, by increas- 
ing capital with which to employ labor or by decreas- 
ing the supply of labor. 

*He that will not plow by reason of the cold, 
therefore shall he in harvest and have nothing,” I 


are broad, liberal, intelligent, and doing more to-day’ 


always insure the rights of both by wise and: 


information, the superior intelligence of workingmen, 
and the greater concentration of both labor and capital, 
these and other circumstances, made the problem to- 
day perhaps more intricate, he could not see that it | 
was essentially different from the problem of former | 
ages, or called for any radically different solution. | 





into the question that we should never obtain except | interpret to mean thatif he who in youth will not 
by listening tohim. We are fortunate in having with | sacrifice present ease and comfort, nay suffer, and 
us to-day a gentleman to whom we shall all feel it a| that severely, will beg in harvest, may we not expect 
privilege to listen, and who is competent, if any man that by autumn he will end in the poorhouse ? 

in the country is competent, to throw light upon the | The young man that receives from two to three 
matter now occupying us, from the standpoint of the | dollarsaday may, by strict economy and frugality, 





Some of the schemes which had been proposed | employer of capital and the director of labor. I have 
amounted to 
society. He had little faith in such measures. Al-| to-day, but I will take the liberty of calling upon Mr. 


though he wasstill a young man, he had passed through | Henry W. Sage, of Ithaca, for an expression of his | 


5) 


many isms of that kind. There wasa time when he | ideas of the ‘‘labor problem.” _ , 
had thought that he could reconstruct society on a}—Mr. SAGE: I have listened with much interest to the 
basis far broader and more equitable than anything | discussions upon the labor problems now before us, but 
the world had ever seen, but the older he grew the/|I do not wholly agree with those who have preceded 
more he became convinced tbat social institutions | me es to methods of solution, nor as to the soundness 
would remain in the future what they had been in the | of their premises. 

past, subject of course to the natural laws of organic! I deny that there is any justly called conflict between 
progress and development. No arbitrary legislation | capital and labor. I deny that capital is or has been 
could all at onee essentially change the structure of | in any b sense aggressive toward labor, and that 
society. Important reforms could and would _ be made labor has in this country any just grievance. If there 
in laws and government, and these would benefit! be an occasional exception to this rule, it is isolated, 
workingmen more than all fanciful schemes for a social | and does not affect the general fact. There is not 
revolution. He had been much struck by the moder-| to-day, there never has been in_ this world, a country 
ate and reasonable tone of Mr. Bayles’ addresses. With | where the whges of labor are so high as they are here. 
much that that gentleman had said he heartily agreed. | If during our war they were nominally higher in cur- 


Even the proposition that the wages of labor should | rency, the highest wages then would purchase less of | 


bear some relation to the prosperity of the employer | needful subsistence than the wages paid now. Then 
was unobjectionable, so long as it was voluntarily| why this outery —— capital and its owners? 
accepted by both parties. He could not, indeed, see| Whence comes it ? is not mainly from Americans, 
that the assertion that wages were paid from profits, ; but mostly from our foreign population, from coun- 
and not from capital, was of much practical value. | tries where they never earned a third the wages they 
The more the employer paid out of his profits for werk, | can earn here ; who had, it may be, a real grievance at 
the smaller the balance remaining to be added to his | home, but whose idea of liberty here, where they have 
stock in trade, so that wages might be said tocome out | none, is to take by combination, by force, and by 
of eventual, if not out of original, capital. But he| intimidation the money earned by others, without 
would not insist on that. The more important ques-| giving an equivalent. In the yg of one of their 
tions which would suggest themselves to everybody | leaders, they neither ‘believe in God nor govern- 
were, What share of the profits ought to go to the| ment.” The present excitement is born of the basilar 
laborers? Who would fix the ratio in case of disagree-| elements of man, is a greedy, unjust, uncalled-for 
ment? Who would enforce the ratio in case the em-| attack upon the business interests of this country and 
ployer refused ? Evidently, no power could do this, | the property earned and owned by the managers of 
except a power above both the parties, and armed with | its great industrial interests. , 
coercive authority. But this could only be the state,| There is no danger here that the men who organize 
and such a function went, in his opinion, beyond the| our great enterprises of commerce, manufactures, or 
legitimate duties of the state. The state was within | transportation will deal unjustly with the laborers 
its proper sphere only so Jong as it confined itself to; who are their instruments and helpers. They have 
enacting and enforcing just and equal laws, and secur-| not done so; on the contrary, all the great organiza- 
ing that social order which enabled labor and capital, | tions of capital and able men for such enterprises 
under free competition, to obtain the fullest and fair-| have been beneficent to labor—increasing vastly its 
estdevelopment. Referring to the Southwestern strikes, | area and uses, and increasing the wages paid for it. 
he said they had thrown a flood of light upon the pur- They have paid labor its full value to them, and 
poses of some of the laboragitations. From their stand-| they can afford to, the proof of which is that nowhere 
int, he thought a word could be said in defense of | are wages so high as here, nowhere do laborers have 
fartin Irons. Irons seemed to him the only logical | so many comforts as here. : 
and consistent person in the whole business, for hehad| It is a libel and aslander upon the lendite coanee® 
adhered throughout to the end which the strikes!'of great industries here to charge tbat y are the 


the fundamental reorganization of|not inquired whether he is prepared to address us| 


| save one-third of his earnings, and as early as middle 
life become independent of the capitalist and employ- 
| er, thereby unifying the interests of labor and capital. 
In any ordinary American town more money goes over 
the counter of the saloon-keeper and the tobacconist 
than to pay the butcher and the baker. 

The few, only, make money very rapidly; the 
millions must be plodders, and become capitalists by 
saving rather than by making money. As there is no 
royal road to knowledge, so in this country there is 
none to wealth. By the hardest toil and strictest 
economy of time, the studious boy becomes the 
eminent scholar, and reaps abundant harvest ; so, by 
the hardest toil and strictest economy, the poor boy 
may become the capitalist. 

Legislation can make neither the one nor the other ; 
| it can only smooth down some of the rough 
— speaker has said that fifty years ago the 
| laborer owned his own house, his tools, and the materi- 
al he worked upon ; to-day, a laborer may, and often 
does, own his house, and, what is equally as weil, tens 
of thousands have bank accounts, and have infinitely 
more of the comforts and pleasures of life. 

A few workmen in large cities and in a few establish- 
| ments are oppressed, and legislation can and should do 
| auch to relieve them ; but in ninety-nine cases out of a 
hundred, they are free to sell their labor and their 
money to the highest bidder. 

Finally, I find no limit to divide the laboring from 
the leisure class ; is it between the pen and the paint 
brush, the brush or the trowel, the trowei or the sledge 
hammer? Thank heaven! in America we have no 
leisure class, properly speaking ; the man who stands 
highest socially is frequently the one most overwork- 
ed. I know of no other or better way to lay the founda- 
tions of knowledge, wealth, and honor than by the 
most economical, laborious, painstaking toil. The 
prizes that require no effort produce no development 
of manhood, and are worth little or nothing when 





\. Professor THursToN : The time for closing this very 
—— 8 tive, and instructive discussion has 
arrived. Not that more time might not be profitably 
given to it, or that the subject is nearly exhausted ; we 


all | have hardly more than scratched the surface of one of 


the most fruitful and ‘** paying ” fields of thought that 
statesmen or philosophers, business men or scholars, 
have ever attempted to til! ; but that we have come to 
the end of our list of instructors. It becomes my some- 





what responsible but very pleasant duty, before clos- 


| 
| 
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ing the discussion, to thank our friends for their kind- 
ness in taking so much trouble to lay before us their 
views of the great question now agitating every think- 
ing citizen of our country, and probably of the world 

Som asked to give an outline of the train of thought 
awakened in my own mind during the progress of the 
discussion which I am now to close ; but I have collect- 
ed so long a memorandum of comments, and such an 
intimidating mass of notes, that I fear that I shall 
weary, rather than interest, an audience already 
fatigued by the effort of following so long and so 
thoughtful and thought-compelling a debate. I hope, 
however, that those who may find the session overtax- 
ing and wearisome will not hesitate a moment to pass 
out by the open door. 

“The labor problem "—the term is becoming rapidly 
hackneyed, but I know of none more expressive of the 
idea involved—is not, I think, really a problem relat- 
ing, primarily or principally, to hours of work or to 
the amount of wages paid for the results of a certain 
amount of applied labor, but it is, as it seems to me, 
the problem how best, how most promptly and practi 
cally, to satisfy the perfectly legitimate and perfectly 
commendable aspirations of honest men struggling 
under sadly discouraging circumstances to gain better 
things for themselves and their dependants. The labor 
problem is the problem of all ages, the problem sought 
to be solved by the greatest and best men of every 
race and of every country, from the earliest times of 
which we have record; and probably long before. 
Those aspirations are noble and generous, and worthy 
of allhonor. It is the duty of every man and woman, 
of all good citizens, to give to it earnest, honest thought, 
to seek its solution as they would seek the welfare of 
all who are nearest and dearest to them; for it does 
indeed affect every man, woman, and child; every 
father, every mother, every son, and every daughter ; 
high or low, rich or poor. In this world, there is none 
independent of his neighbor’s weal. Rich and poor 
dre mutually dependent, and the welfare of the one | 
class is dependent upon, and fluctuates with, the for- 
tunes of the other. This struggle fora solution, forced 
or spontaneous, of the great problem of all times, 
which is to-day simply more plainly in view than 
formerly, is not a struggle for more dollars for the 
workingman, Dut for all the good things that dollars 
will bring ; for all that is needed by the mind and the 
soul of man, and of which poverty deprives us ; forall 
the necessities of growing intelligences, as well as of 
human bodies ; for all the comforts of life ; for all those 
healthful and desirable luxuries that every individual, 
of whatever class, has a right to aspire to possess. 
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| minin stocks at twenty. The capitalist has suffered | there must be a captain over every company ; there / 


/ 


|in by far the higher proportion ; and any honest man | must be colonels where there are companies acting to. 
can raise money on the strength of a good record, of | gether as in a regiment ; there must be generals where 
good character, or on good security of whatever kind, | regiments must be handled in numbers, forming an 
at half the rate that was demanded of his fathera|army. As in the army, there are men, many men. 
generation ago. Farm mortgages in the West, fitted to command a com y, to be “foremen” in the 
where, a few years ago, money commanded eight, nine, shops. There are a smaller number of men capable of 
and ten per cent., are now negotiated at six, with a pros- | directing establishments, of commanding a regiment 
pect that it will soon be difficult to secure that for the | and fewer still competenf to direct an army, whether 
a on ma first-class pommel = — oe prs Bh tops sm Pannen eh hie memoirs, 
is thus becoming more and more available to r | occas who serv 
| who must henee, and who have the security of pee | with him during the viva war. He often finds = a 
record and good character to offer. Capital seems likely | who could command acompany. He less frequently 
ultimately to become of almost no value, practically, as | finds a good commander of a regiment. He only once 
gauged by its earning power when loaned ; labor, | or twice tells us of a man of such superlative standing 
skilled labor particularly, is becoming more valuable, | among his fellows that he would be intrusted with the 
|as gauged by its power of earning, or creating, con-| direction of an army; and we all know that, in the 
|tinually. It is continually gaining in power of acquir- | whole four years of strife, there was but one man who 
ing, by exchange, the essentials to comfortable life. | proved himself to possess every requisite demanded of 
| Capital and labor, the capitalist and +e worker for | the ee, in chief ee nee er cere 7 of the United 
| wages, are alike subject to nature’s laws, to God’s | States—and that man was Grant himself. So it is j 
laws. Growth in prosperity, in wealth, in content, and | the industrial army. Men must take their places these 
in happiness can only come of most perfect accord | according to their powers of achievement and their 
with those laws Those who struggle hardest against | merits. The great man will gravitate upward, the 
them always suffer the most ; those who contentedly | weak and imcompetent men will gravitate downward, 
and quietly follow the well-known methods which have | each toward his proper place ; and each man, doing 
always led to success, methods dictated by the prin- | his best, must take the place assigned him by the tal- 
|eiples taught to every boy who has an intelligent, | ents, strength, and character that may be his; and it 
honest, earnest, thoughtful, and conscientious father |is right that he should. The leaders are always the 
or mother, suffer least, and succeed oftenest. It is in- | strong, brave, far-seeing, wise, and prudent, the enter- 
telligence, industry, thrift, integrity, prudent fore-| prising and energetic; they are evolved from the 
sight, that make the successful man, all the world great mass of humanity, and sent to the places which 
over; itis lack of foresight, of industrious habits, of | their deserts have won for them, places won by hard 
frugality and economy, of character, mental and moral, | work of hand and brain. Such men are the leaders in 
that determines failure, and misery, and discontent! every community, and generally, the larger the 
without reason. There are exceptions to the rule; but |community, the greater their number, and the 
'the rule holds good, nevertheless. It is for us to seek | greater the men. The weak, the incompetent, the sick, 
the cause of the exception, and to endeavor to re-| and invalid, and otherwise unfortunate, drift down- 


move it. 

One of the great laws of social economy governing | 
the whole race is that pronounced centuries ago. ‘In 
the sweat of thy face shalt thou eat bread, until 
thou return unto the ground.” And the whole race 
either gains its bread by the sweat of the face, or, idle, 
it starves. Of all the laborersin the world, itis the | 
rule that he who gains most gains it by greatest effort. 
As arule, the man who has accumulated property is | 


ward, but rarely fall out of sight, or fail of care from 
the more fortunate and successful. The average man 
does the average work of the world; and there are a 
hundred of this class, to one fit to direct ever so small 
a body; there are a thousand, to one competent to 
manage an establishment; there are ten thousand, 


where there is one equal to the management of a large , 


business. 


~N 
In the administration of the great industrial sys- 


he who worked while his neighbor slept, and planned | tem arising in every civilized country, as a necessary 
and looked forward while his brother sought -his plea- | means of procuring the products of industry demanded 
sure or his rest. Look about among your wealthy ac- lof the people of that country, well established and well 
quaintances, and see if you find one who, beginning | known business principles must be adhered to, or the 
| where such men invariably begin, at the foot of the lad- | administration will be unsuccessful; the business 


This question is not how to secure shorter hours of | der, did not make his fortune by most extraordinary 


work for the worker, but rather how to obtain more time 
for rest, for recreation (for re-creation), for self-improve- 
ment, time to help the overworked and worn-down wife, | 
to lead the unguarded and uncontrolled children toward 
the right, time for thought, for study, for growth, 
and means of securing progress beyond the present 
life of treadmill drudgery. It has been said that the | 
strifes and the heart burnings of troubled times like 
these have no basisin reason. In one sense it is true ; 
but, in another sense, it is, I think, not so. There may 
not be a reason ; but there certainly is a cause, as there 
is a cause for every phenomenon, whether occurring 
in the intellectual, the moral, the social, or the material 
world. That cause is, as has just been said, the desire 
ofall humanity for better things, for continual prog- 
ress. Every one desires, and every one needs, daily, 
more than the day gives ; and this issimply the expres- 
sion of a feeling implanted in every bosom ; and this 
feeling, this desire, is right. No man may rightfully 
condemn it ; every man should seek to do what he may 
to gratify it, in every legal and proper way. 

The evident fact is that the world is daily and rapidly 
growing richer in all that makes true wealth; and all 
mankind rightfully aspires to gain the most possible of 


that wealth, and of all that its possession gives, 


whether of material things, of power, or of what grati- 
fies the heart, the soul, the intellect, the senses. The 
progress of the world is continually onward, and the 
great mass of mankind is constantly gaining as it ad- 
vances. 

Pessimists say that the rich are growing richer and 
the poor poorer, as a consequence of this progress ; 
optimists are saying that the poor are gaining more 
rapidly than the rich, as a class; while statisticians 
show that, in a sense, both have ground for their beliefs, 
although the statisticians seem mainly to uphold the 
brighter view. But this does not concern us just now ; 
the fact of importance being that the great masses of 
mankind are neither as well supplied with the neces- 
saries of life—which include rest, leisure, time for 
recreation—nor with comforts, to say nothing of the 
luxuries, as they have a perfect right to aspire to 
gain. But, whatever the legitimate aspirations of 
humanity, whatever the moral rights of any class, 
those aspirations and those rights must be subject 
to the laws which govern the worid and the race. We 
can never hope to successfully struggle against the laws 
of nature. We must be content to take what we can 
get, through the operation of those laws, and must 
seek our objects through the action of natural law, and 
not by its overthrow. We arein a steadily flowing 
stream, and cannot ever hope to make progress against 
the current. But, fortunately for us all, this stream is 
an upward-flowing one ; we may sink in it, or we may 
float. If we can keep our heads above water, we shall 
always rise with the tide. National progress is upward 
and onward; individual progress is determined by 
the natural powers and the actions and deserts of the 
individual. | 

It has been said that, while the efficiency of labor} 


energy, prolonged and exhausting toil, and exceptional 
wisdom and strength of character. Occasionally, but 
very rarely, such a ‘‘success” is attained by wrong 
methods; but the man who so gains wealth finds his 
prize the “apple of Sodom,” turning to ashes in his 
mouth. No one of us can envy him. 

Another of the laws governing the world of industry 
is that which adapts the supply to the demand. The in- 
stant the quantity of any material or product offered in 
the market exceeds the demand at the ruling price, at 
that instant the price must fallor the sale must be 
checked ; the sale being checked, manufacture must be 
checked ; men must work shorter hours, orsome must 
be thrown out of employment. Could the supply of 
every marketable product be precisely adjusted to the 
demands of the market, the business of manufacture and 
sale would go on uninteruptedly and smoothly ; if the 
supply and the demand fluctuate seriously, and without 
adjustment, each to the other, the course of that indus- 
try must be correspondingly variable and unsatisfac- 
tory. This great foundation law of industry and trade | 
can never be evaded or annulled. It controls the whole | 
industrial world as certainly as does the force of gravi- | 
tation the material world. Temporary apparent evasion | 
is but the damming ofa stream, which, seeming for | 
the moment to cease flowing, sooner or later breaks | 
over the barrier, and sweeps along its channel with an 
energy which is the more resistless and the more de- 
structive, the longer the period of retardation. 

The work of the nation is measured by the necessi- | 
ties and the wants of the nation. In order that the} 


be a failure, the production must cease, the capitalist 
will lose his money, and the workers must suffer, and 
perhaps starve. These business principles are simple, 
— understood, and are well recognized by every 
intelligent business man and probably by every intelli- 
gent workingman in the country. Business can only 


| be successful and profitable, and can only be expected 
| to be stable and permanently safe, when, in the first 


lace, enough capital can be collected together to insure 


|it against interruption by any exceptional accumu- 


lation of liabilities, in its legitimate operation, requir- 
ing to be paid at one time. Business can only be 
safely undertaken when the necessary amount of 
materials, the needed machinery and tools, and the 
other miscellaneous portions of its plant and outfit, 
ean be brought together at the same time with the 
collection of the required working capital ; it can only 
succeed when the total cost of production, including 


|interest, depreciation, and wear and tear and repair 


accounts, as well as cost of labor and materials, shall 
be less, on the average, year in and year out, than the 
amount obtainable in the market, reduced by the cost 
of making sales, and so much less that the full market 
value of labor and of capital used in the business can be 
paid for their use. It is only when this amount is ex- 
ceeded that there is a manufacturer's profit in the busi- 
ness, and that it becomes safe to carry it on. 

But it will be asked: Whatis capital? What are 


wages? Capital is accumulated “energy,” as the 
mathematician or the engineer would say. It has 
been accumulated by the possessor, by the expenditure 


of extraordinary energy, industry, skill, orintelligence— 


nation may have work, and sufficient work to win for | usually all these qualities—operating through years of 
itself bread, clothing, and a roof, education, and a steady, unflagging devotion to business ; it is like the 
competence, each of its citizens must produce his share | energy accumulated in the flywheel, which is drawn 
to need such a demand for food, clothing, and other)}upon at intervals to supply power to which the 
| necessities and wants as will furnish employment to/| machine, in its normal condition, is unequal; or it is 
the workers of the nation. The wants of the nation | like the store of water in the reservoir above the mill- 
measure the demand in its markets for all marketable | dam, capable of giving out power to drive the mill in 
products, and measure the amount of work which can | time of failure of the regular flow of the stream, or like 
be offered to workers. In order that these wants may | the energy pent up in the reservoirs of a compressed 
be supplied, they must first be caused to exist; that is| air engine, sto there for use as demanded by the 
tosay, the nation must have attained such a position, | machine. Capital always represents the stored product 
to such civilization, as will cause its people to have|of work done, at an earlier period, by men who 
wants ; these wants will be proportional to the intelli- | worked sufficiently hard, and with sufficient intelli- 
gence and civilization of the country. In order that) gence, to secure a surplus above the necessities of the 
these wants may be met, the country must have aj|| moment; often this surplus—generally, I presume—is 
system of industries, and a system of organization and| accumulated, in part at least, by the mostself-denying 
administration of industries, such as will permit the} and most frugal of lives, father, mother, children, all 
production of all that is demanded by the nation, will‘ saving to-day that capital may be accumulated for 


cause the production to be very exactly adjusted to the 
demand, and will cause the transfer and exchange of | 
commodities so produced to be made possible at the 
lowest possible cost to the nation. The higher the 
civilization, and the wealthier the people, and the 
greater the number of liberally spending rich citizens, 
the better the organization of the system of production, 
of transportation and exchange, the greater the variety | 
of the nation’s wants, and the more diversified, conse- | 
quently, its industries, the greater and the more various 
the work offered to its people, the less the competition 


has increased five hundred per cent., the rise in wages | for any one kind of work, and the more comfortable | 


to-morrow. Capital may take any or all of a thousand 
forms; but it is always stored power, and has an 
equivalent in a certain sum of money, by which it is 
our custom to measure it. Money and capital are alike 
stores of energy, available for all the industrial pur- 
poses of the world; they are mutually interconverti- 
ble, and always have a ‘definite quantivalence.” In 
business, the capital is put in, in the form of buildings, 
tools, the material to be worked into the finished 
product, and a certain amount of working capital, in 
the form of either money or assured ability to procure 
money as needed, which assurance is called ‘‘ credit.” 


has been but one hundred. True! But this means that 
the wealth of the world has increased its rate of accu- 
mulation, not merely by the increased efficiency of 
labor, but also by the increased productiveness of 
natural powers, harnessed by the mechanic and in- 
ventor to his machinery. It is really the efficiency of 
mind, not muscle, that has been so enormously in- 
c It is to be remembered, also, that, while the 
wage of the worker has been increased 100 per cent., 
the wage of capital—the interest received for the use of 
accumulated wealth and money—has actually de- 
Greased enormously. Money, on absolutely safe ‘se- 


curity,” is to-day worth less than three percent. It is 
the risks of business that make mortgages bring six, 
manufacturing stocks par at eight to ten per cent., and 


and the happier, so far as material wants can affect; The capital being obtained and invested in ‘* plant” 
| them, the whole population. |and material, the next requirement is the labor needed 

The production of a new article, the opening of a! to convert the raw material into the desired product, 
new trade for its manufacture, relieves an overcrowded | that is to say, a certain amount of ‘‘energy,” or work- 
trade producing an older form of product, and gives | ing power; for energy is needed to produce any and 
the whole body better fortune. It is thus that wealthy | all of the changes which are the result of effort and 
| citizens, by stimulating production in new lines of in- | work. Of this labor, or expenditure of power and 
|dustry, most effectively benefit the communities in | energy, a part is supplied by natural forces, as by the 
| which they live. heat and chemical energy stored in coal, the mechan- 
if In that organization of industries which must al-/| ical energy of the waterfall, and a part is supplied by 
ways be effected in order that production on a large| human hands. Intelligence is also needed to direct 
scale, to meet a demand of great extent, may be made/ the operation both of the inanimate and the animate 
\\satisfactory, it is evidently important that we must | forces to be set at work in the business ; this is furnish- 
have leaders, directors, ‘‘ captains of industry,” as well | ed by men employed to use the brain, as the laborer 
as workers in the lower rdates. As, in a great army, | is employed to use the hands. The inanimate power 


| 
} 
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js supplied by capital; the animate power and the | cession of rights on one side or the other. It is a kind- 
brain are supplied by paying, to those who desire and | ly way of settling difference ; it is not business. é It is 
are able to furnish them, an equivalent, in the form | very sure to settle by a compromise, not on the line of 
known as ‘‘ wages,” paid from the supply of working actual rights, In such cases, the proprietor has much to 
capital The worker receives the exact value and_| risk, the employe little; the former must abide by the 
equivalent of his labor when this capital, so paid him, | decision, usually ; the latter simply, if not thoroughly 
measures the exact value of his producing power to the | honest, walks off if not suited. It is thus evident that 
nation. If he is given more, the whole nation is de-| the settlement of the w to be paid should be a mat- 
frauded; if less, his family are defrauded, and his own | ter of regular and thoughtfully considered bargain be- 
future, by so much as is represented by the value| tween the interested parties. ‘ Rights” are not to be 
which that difference would give it. | secured by violence. It is here that the advantages of 





and the fatherless, the seeker for work and those de- 
pendent upon small accumulated means ; the evils of 
**soullessness” in corporations are comparatively small, 
if not really non-existent in the vast majority of cases. 
To say that a corporation has no soul is to say that its 
affairs are conducted on strict!y business principles ; 
which means most assured prosperity for its business, 
and that means for all who depend upon steady em- 
ployment by it for support. 

Capital, singularly as it may seem, is actually con- 
trolled by labor; it does not: ‘‘ always get the best of 


Neither the rate of wages nor the rate of interest or 
value of capital can be determined by the claims, or | 
even by the needs, of the interested ** parties ” in any 
healthful business arrangement. The worker may | 
want and may suffer for lack of higher wages than 


organization, not simply to the worker, but also to the 
employer, come in. It is through this system that 
trades unions and the Knights of Labor become useful ; 
not by stimulating ill-feeling between the two princi- 
salities, not by directing strikes, boycotts, and law- 

reaking, those curses of the transition state through 


the $2 that is paid him ; the capitalist may desire, and | 4 I 
may damand, more than the six per cent, which is| which we are now passing, but by placing the power of 
offered him; but neither the demands of the vendor | negotiation in the hands of the best and strongest 
nor the plans ofthe purchaser of either labor or of| minded men, and thus most promptly and certainly 
the use of capital can permanently settle what is to be | securing the fairest possible settlement of every claim 
paid. That is settled by the laws of trade and of na-|or debated question. Said one of the best business 
ture. If laboris worth $2 or $10 to the business, and| men in the country to me, recently, a man who em- 
if capital is worth four oe cent. or eight, the $2 or the | ploys from two to three thousand mén, in good times : 
$10, the four or the eight per cent., must, on the aver-| ‘If the men would only organize themselves intelli- 
age, be paid, under the all-compelling law ; and neither | gently, and place the direction of their affairs in the 
party to the ain can secure permanently and safely | hands of their best and most intelligent comrades, it 
another rate. The claim of either the wage earner or| would be a great comfort to their employers, who are 
the capitalist to establish hours of labor, rates of wages, | now compelled to b in with the worst, as well as 
or of interest on capital, are contrary to the laws of | the best, and to deal individually with every man about 
the industrial universe, and cannot be permanently | the place. It would be a good thing for both sides ; but 
enforced. The employer and the employed are subject | as it is, they either do not organize, or, if organized, 
to the same law, and stand precisely on the same foot- | allow themselves to be officered by the worst characters 
ing, in this matter, If the labor market offers higher|in the mill.” Intelligent workmen are coming to see 
wages, it is not because the worker for wages demands | this, and matters are already improving. 

it, but because more workers and more labor are needed ;| Workingmen’s organizations, and organizations of 
and that is the way in which natural law settles the diffi- |employers—which must necessarily follow—properly 
culty, by soliciting more work, by offering more for la- | conducted, are most promising means of securing the 
bor. If the returns on capital decrease, as they have de- | rights of both sides. Workmen must organize to se- 


the bargain ;” it oftener gets the worstofit. A busi- 
ness can only be conducted successfully when the cost 
of its products is less than its receipts. all expenses of 
sale being included. Not five per cent. of all men em- 
ploying labor permanently succeed; ninety-five per 
cent. of the employers finally come out no better off 
than the poorest of their employes, after a life of strug- 
gle and business worry and strain which few of those 
who have been given employment by them can realize. 
Capital is controlled by labor. It must always pay the 
full value of labor, as regulated by the market ; it can- 
not escape ; for the wage-earner is continually forcing 
the highest prices attainable, and shifting from estab- 
lishment toestablishment, from one part of the country 
to another, to obtain them,in such a manner as to 
continually bring every a a in direct competition 
with every other, throughout the — ; and no 
practicable system of combination by emp — can 
evade either the laws controlling the market or the 
competition so induced. The employer must also pay 
the ruling price for capital used in his business—and 
the number of employers who are not compelled to 
hire capital, more or less, is very small indeed—and he 
must keep his buildings and machinery in good con- 
dition. If, after he has paid the ruling prices for labor 
and capital, and has bought his raw material, also at 
ruling prices beyond his control, in the market, and 
has set aside the necessary amount of his fund to meet 





creased now for many years, it is because capital is be- 
coming more plentiful, and nature takes that way of 
turning productive labor into other more important 
and usefal channels than those which lead to its ac- 


cure the presentation of their case by the best repre- 
sentatives, to help their needy fellows, and to secure 
the adjustment of the labor market, especially, by 
sending their surplus and movable labor from the 





cumulation. Nature's laws are no respecters of per-| crowded to the uncrowded parts of the labor markets 
sons or of necessities : the laborer may find it difficult | of the country. These are the legitimate objects of 
to keepa sick and suffering family from starvation, | organization, and every good citizen will gladly see 
and the poor widow living on the interest of slowly and | them attained through the action of the unions. All 
painfully accumulated capital may find four per cent. | wages must be paid under a fair and definite bargain, 
insufficient for her needs ; but that will make nodiffer | made with the full agreement of both sides. Strikes, 
ence at all, and the worker and the poor capitalist | lockouts, boycotts, quite as much as all the cow- 
must alike suffer. It is by such trials as these that na-| ardly and accursed deviltry of dynamite, lie outside 
ture drives humanity to do its best to escape them, and | the lines of business methods entirely, and should be 
induces the average man to endeavor to make himself | condemned and put down by every patriotic citizen 
and his family safe against future suffering by accumu-| and honest man, as the most outrageous impositions 
lating capital. Nature’s laws, God’s laws, are and| upon human rights ever yet invented by those whose 
always will be pre-eminent. motto is ‘‘ What is thine is mine.” Young men just 

It has been asserted that the worker, in virtue either! going out into the world can take with them no better 
of his necessities or of his long service in a business, ac-' aspiration than that of opportunity of fighting this 
quires some ‘proprietary rights ;” but I think it is; modern manifestation of the most abominable form of 
easily seen that there is here no way in which such | selfishness, this tyranny of wrong-headed labor over 
proprietorship can be established. No length of service ' honest and earnest labor. For a strike is not action 
aad no amount of desire, no necessities, as President {against an employer ; in its final outcome it is an attack 
Adams has said, can give to his coachman an iota of jupon labor and the laws of nature; it is an attack, 
interest in the business of running that carriage, or in fon the part of a few laborers defiant of law, upon the 
any profits that might be made by keeping it. It is| great massof laborers who honor and sustain the law, as 
evident, also, that the men who are appointed to di-| does every good citizen throughout the whole country. 
rect and control any business must be permitted to have | Such infractions of the law as have recently disgraced 
actual and full control, if it is to be successful, just as | our country should be punished, by the law, with the 
much as the commander of an army must be allowed | utmost severity. The object and use of law is to in- 


costs of wear and tear and depreciation, he can then 
secure a margin between total costs of putting his pro- 
duction the market and the market price of that pro- 
duct, he makes money ; otherwise, not. Theemployer 
of labor is thus entirely at the mercy of elements over 
which he has no control ; he can only choose, judging 
from the best evidence that he can collect, whether it 
is wise for him to go into such a business or, being in, 
to continue, and he must then take the consequences of 
his decision. He sometimes acquires riches; but he 
far oftener meets with utter failure. If he simply ob- 
tains a fair interest on the capital invested, he is for- 
tunate ; and if he gets, in addition, a fair compensation 
for the time, thought, and administrative skill which 
he puts into the business, he is very fortunate. Ina 
nation of fifty millions of people, there may be two or 
three men who attain to marvelous riches; but the 
number of very rich men in any nation is too sinall to 
indicate the existence of a defect in our industrial 
system, even were it admitted that the possession of 
the wealth of a Vanderbilt or of an Astor, by a single 
individual, is, in itself, an evil. The ssessor of 
millions eats no more, drinks no more, is no better 
clothed or housed, asa rule, than the man who has ac- 
quired the competence to which every good citizen 
aspires ; often he is lessextravagant in personal habits 
than the demagogue who inveighs against him. All his 
vast peoneey, is simply so much ge employed in 
the behalf of workers, supplying work, and supporting 
families of the poorer men of the land, inall the trades. 


fullcommand. Neither laborerin the industrial army | 
nor private in the military establishment can be al- | 
lowed to dictate to the man a in virtue of his | 
superior abilities, to direct. It is impossible for any | 
length of service, simply, at ruling wages, to give the | 
slightest moral or legal right in the business. . The | 
proprietor must be permitted to conduct his business 
in his own way ; for he, alone, is responsible for its 
success. Those who contribute no capital, and accept 
no pecuniary risks, cannot rightfully share profits or | 
dictate as to the manner of gaining them. ere any | 
such rights possible, they must be established at the | 
beginning, when the business is established. No man 
can safely put his capital and his talents into a busi- 
ness, ifat some later date it is to be loaded down with 
unanticipated risks and liabilities. But, as has been 
seen, no such rights have entered at the start of any | 
business established on the usual form and in the cus- 
tomary way. The full equivalentof the value of labor 
must be given in wages, and in wages alone. 
Arbitration has been suggested, and has been tried, as | 
a means of settlement of disputes’arising between the | 
employer and the employe; but it can readily be seen 
that there is really nothing to arbitrate, in the regular 
operation of a regular business. Men are employed or 
discharged as more or fewer are needed, and the rate | 


| molestation. 


sure to every individual in the community the liberty 
todo right and tosecure toeach the most absolute 
certainty of possession of life, freedom in the pursuit, 
by all proper means, of comfort, happiness, and the 
widest liberty compatible with the welfare of his 
neighbors and the community, and to make it abso- 
lutely certain that he may hold such sessions as 
he may have fairly and legally accumulated without 
The indictment and prosecution of the 
men who have broken the law ; who have endeavored 
by violence to deprive their fellow citizens of their 
legal rights and their property, of their liberty to 
work when and where their individual interests may 
lead them; who have seized upon property not their 
own, and have destroyed the property of other men ; 
who have taken lives, and have, directly or indirectly, 
in other ways injured peaceable fellow citizens, is a 


| duty both of the community through its public officers 
|and of every member of the community. 


If, at any 
time, any one of us finds himself in the presence of 
threatened law-breaking, such as has lately occur- 
red, the right thing to do is to volunteer as a 
sheriff's deputy, and assist the officers of the law to 
uphold it against every outlaw who attempts its over- 
throw. 

It has been said that it is the object of law to attach 


of wages rises and falls naturally as the demand for! a duty to every right. I would not say precisely that. 
labor increases or diminishes. If the employer does! The object of law is to uphold the rights of all citizens, 
not get, as he may think, a fair equivalent for what he {irrespective of class ; the object of the government is | 
pays, he reduces the offered wage, or discharges the | simply to govern. That duties do attach to every right | 
workman ; if the latter does not get what he believes | is = true ; but I do not see that we are to predi- 

to bea fair equivalent for what he has to exchange for | cate moral obligations directly upon legal enactments. | 
money, he demands more, and, failing to get it, goes; The law must be framed upon a knowledge and an | 
where fair pay is given. If the president and his| acknowledgment of moral and ethical principles uni- | 
coachman disagree, the original bargain is dissolved, | versally recognized ; and I do not see, for example, that | 
and they separate, each trying to do better, andeach|the fact that the law protects property in the} 
makes a new bargain elsewhere. There is nothing} hands of its rightful owner, the man who has pro-| 
to arbitrate. The men controlling industries must be | duced and collected it, gives other men new rights or | 
permitted to ‘‘control and operate,” ‘‘ under well de-| claims. That the holding of honestly acquired pro-| 
fined rules of law” and of common sense ; for the ex-| perty is an inalienable right seems to me axiomatic ; it | 
isting methods of business are founded upon the com-|is denied by some men of socialistic views ; but _ it is 

mon sense judgment and the experience of mankind. | only as ~~ other admitted axiom may be denied, by 

A claim that the demands, made by one party to a| here and there an individual of peculiar. mental con- | 
bargain, that a bargain shall be modified, and that the | stitution or of prejudiced mind. The fact asserted by | 
matter shall be submitted to arbitration, is legally and | the axiom is the very foundation of all society and of | 
equitably right only when confirmed by the uies- | all civilization. Were it not a fact, there could be no; 
cence of the other side. Arbitration, the parties inter-| civilization, no accumulated wealth of either indi- 

ested being bound by the decision of the referees, can | vidual or nation; barbarism would reign supreme. It 

only be right when originally agreed upon in the mak- | has been, as I think truly, said that capital should be | 


what woul 
| 


A millionaire in these days cannot avoid helping his 
neighbor wage-earners. The more avaricious he is, the 
more carefully, and, as a rule, the more successfully, 
does he promote business, giving employment to the 
most skillful and most industrious, simply to gain for 
himself more property. It is only by so helping the 
world about him that he can help himself as he so 
meanly desires. Later, his accumulations are distri- 
buted to the four winds, either by inheritance or by 
the follies of his heirs. The capitalist is thus seen to 
be, in spite of himself, a man who affords his fellows 
most certain and steady employment, and thus, often 
|inadvertently, practices the highest philanthropy ; 
for it is amatter of universal experience that charity is 
wasted in giving alms to the average poor, and is best 
bestowed in the form of compensated em ployment. So, 
too, the ‘‘ monopolist” is aman who, however selfishly, 
does his best for the nation, by leading the way into a 
new industry, and, by his seemingly easily won success, 
| attracts a thousand other men into the field which is 
| thrown open on the instant of the expiration of his mon- 
|opoly. The finest iliustration of this fact is the opera- 
| tion of our grand system of patent laws. Compare the 
growth of industries and the accession of inventions in 
thiscountry with what is seen abroad, and then consider 
have been the fact without our patent 
laws, which protect every inventor in the introduction 
of his invention until a sufficient time has been given 
him to secure the reward of his inventive skill. What 
if a Singer ora Howe does make his millions? The 
country gains, and the world gains, many times more 
than he. Where should we now be without the sewing 
machine, or the telegraph, the patented devices of the. 
printing press, or the now much and fashionably 
maligned telephone monopoly? It is the opportunity 
to gain great rewards that stimulates the inventor to 
make this the most comfortable and civilized country 
in the world—outside the range of imported Euro- 
socialism. 

Capital is controlled by labor in another senge ; 
the workers constitute the people of this country. 
The people have all power; they make effective 
public sentiment ; they make the laws; they make 
the nation what it is, and determine what it shall 
be in the future. Is it not perfectly obvious that 
capital and labor are really mutually dependent, the 
one on the other, as the brain and the limbs of a 
healthy body are mutually dependent? Both are in 
duty bound to ‘‘combine;” but they can best com- 











ing of the bargain. To force one party to submit to} 
the decree of third parties, at the instance of the} 
second party to the bargain, is greater tyranny than 
that which led to the revolution of 1776. Nevertheless, | 
it is often a happy solution of a serious difficulty wrong- | 
ly arising, and a properly constituted board of arbitra- 
tors is, I am sure, one of the most efficient means possi- 
ble of securing fair treatment of both sides. It is sim- 
ply to be remembered that both parties should be 
heartily in aecord in the intention of deciding by arbi- 
trament. Arbitrament almost always means the con- 





held to strict account for the results of its operations ; 
it has been said that it has hitherto been uncontrolled ; 
that is, I think, partly true, partly a mistake. Capital 
has been controlled so far as the necessity and the 
right to control it mPa nee a has been made evi- 
dent. That it still often goes beyond the morally right, 
while still within the law, is certain ; but, with the 
progress of time, we may expect every serious abuse 
will be, in some way, abated. To-day the benefits of 
the law of incorporation are inestimable, not to capi- 
tal mainly, but to the workingman and to the widow 


| bine together. Fraternally united, they stand ; hostile 
and divided, they must assuredly fall. Personal and 
individual freedom exists, under the law, on both sides; 
but it is a freedom to do right, to help each other, and 
to work together toward a common prosperity under 
the operation, always, of the great Jaws which always 
have, and always will, control business, to do business 
in a businesslike way. Both are free to do right, 
morally and legally right, neither to infringe —— 
the statute or the moral principles of law. Ab. 








freedom is not permissible or desirable in this world 
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of ours, so long as the spirit of man is not the spirit of 
Christ and the angels. 


family ties and obligations and burdens, are often only 
overcome by generations of patient toil, of intelligent 











You can then do most to secure the 


things of with a frothy, serous fluid, such as had formed the 


the world for yourself and for your fellows, material ; vomited matter, and the mucous membrane very white 
No man is free! The restraints of condition, of | things for the material part. education of the highest and soft. There was not the slightest redness any. 


|and best forms for the intellectual 
thesoul. You, who see about you the 


, humanity for) where. The liver and other abdominal organs seemed 
results of such to be normal. 


labor, and most persistent self-denial, The restraints | grand uses of the good that comes to truly manly men,| It should be remarked that this cat was about two 
imposed by nature are not easily broken through, and | as illustrated by the nonuments rising here to immor- months old. Attention is called to this, because young 
no amount of violence and crime will permanently re- | talize such men as you may well aspire to follow, need | animals are affected by this poison more readily than 


lieve the race or any individual. The office of the 
law is to preserve the rights of man under these re- | 
straints, not to re-enforce and strengthen them, but to} 
secure all that man can gain in his slow progress | 
toward their abolitionin the right and peaceful way | 
in which, only, they can be removed. the law-break- | 
ing of ‘‘union men” and the law-breaking of anar- 

chists are alike vain and criminal. The accumulation | 
of wealth in the hands of strong, wise, intelligent, en- | 
terprising, and energetic menis one of ‘‘the ways | 
out.” It isonly by the gradual organization of all in- | 
dustries in such manner that the men who have been 
created by nature as captains of industry may com- | 
mand, that the world can be made most prosperous. | 
It is of no consequence who is the legal proprietor 
of wealth, if only that man is the right man. In 
fact, the wealthier the better, if the man will but 

keep his capital well employed. Even the extrava- 

gances of the luxurious among the wealthy are of serv- 

ice to the world. The purchaser of pictures and 

other works of art employs a class of workers who 
would, necessarily, in the absence of such a means 
of support, be competing with other workers in 

more crowded lines of industry. The driver of a 
rich man’s carriage, if not so employed, would be in 

the labor market, reducing, by just so much, the 

wages of the man now employed. The purchase of 

a fine house, a modern Fifth Avenue palace, means 

the payment of a thousand men for work, which, 

undone, would leave them competing with the 

ordinary carpenter, bricklayer, and upholsterer. The 

more rich men in a community, the better for its 

poor, all the world over ; and yet | would not say that it 

would not be still better, were it possible, that every 

man should have a competence, than that one should 

be rich and another poor. It issimply the fact that, 

as human nature is to-day constituted, there is, and 

can possibly be, no equality of natural pone or of 

fortune. As it is, the rich, however selfish and mean, 

help the poor, in spite of themselves. Fortunately, 

though, the inclination to help the unfortunate does 

exist among the rich, and very much more generally 

than is commonly believed. All the great philan- 

thropies of the world, nearly, are the fruit of the 

benevolence of the wealthy; without them, where 

would we find hospitals, how support our schools, 

how obtain college education for our young men and 

young women? The real uses and duty of wealth 

are, as we have seen, the promotion of industries, 

the diversification of employments, the erection of 

great institutions, such as we see here about us to- 

day. As yet, much remains to be accomplished be- 

fore the people can be expected to be contented with 

their lot. The question is, Which is the way out? 

There are two ways in which the attempt is being 
made to find the way out from this slowly breaking 
cloud, this relic of barbarism, and vastly greater suf- 
fering of the distant past. The one, | would call the 
Devil's way ; the other is the way that the spirit of 
justice and right, the spirit of Christ, would indicate. 
The way of the anarchists is the one way ; the other is 
the way which has already been pointed out. The first 
will but lead into deeper gulfs of darkness and misery ; 
the second surely, but very slowly perhaps, always to- 
ward the light. In the better and only safe way, we 
can feel our path surely, and can see it with tolerable 
clearness. It is easy to lay down the platform of cor- 
rect principles : 

ist. ‘‘ Enforce the law.” 

If the peace can but be maintained, the right will 
come surely and clearly to be seen in good time. It 
requires but that the people shall have time to think, 
and to direct action intelligently, and every difficulty 
will be overcome, and the right will stand up victori- 
ous in view of the whole natjon. Let no man’s rights 
under the law be imperiled, and the operation of the 
law will, in time, right all wrongs 

2d. *‘Give natural law a fair chance to bring about 
its legitimate results.” 

Do business in a businesslike way ; obey the laws of 
trade and of nature’s own code of ethics. Give every 
man a fair chance to exhibit his best powers in the 
best place for their display ; allow him to be as indus- 
trious as he may choose; let him employ to best ad- 
vantage all his energy, his activity, bis intelligence, 
and his pluck, in free competition with the world. 

Protect every man in the possession of the fruits of 
his honest industry and of such special talents as he 
may possess. Make life, personal liberty to do right, 
and freedom in the pursuit of all proper modes of se- 
curing happiness, absolutely secure. Let no man inter- 
fere with the personal rights of his neighbor. 

3d and finally. “ introduce into life and into every 
business, so far as is safe and proper, something of per- | 
sonality. Introduce into every action of life the moral 
law, the golden rule.” 

Good business habits, doing business in a business- 
like way, will lead to the production and acecumu- 
lation of wealth, and the operation of the human 
sympathies will teach the best use of that acquired 
wealth. All the less fortunate of earth have a claim 
on the more fortunate; but that claim is not a busi- 
ness Claim, it isa moral claim, and is recognized by 
the senses and affections that make man human. 

You are going out into a world to do what in you 
lies. Deal fairly and kindly with all, high and low, 
rich and poor, bearing and forbearing, and there will 
come to you very little of the evil of human life. Seek 
to acquire wealth by every fair and proper means ; but 
when gained, make the most and the best of it.’ It isa 
duty to seek to acquire property, but with that duty 
comes a correlative obligation to so use it that the 
world shall be the better for your presence in it, both 
materially and morally. Exercise all through life the 
great moral rights to do good, to do business by cor- | 


no stronger urging. 


TYROTOXICON: ITS PRESENCE IN POISON- 
OUS ICE CREAM; ITS DEVELOPMENT IN 
MILK; AND ITS PROBABLE RELATION 
TO CHOLERA INFANTUM AND KINDRED 
DISEASES. 


By Victor C. VAUGHAN, M.D., Ph.D., Professor of 
Physiological Chemistry in the University of 
Michigan, Member of the State Board of Health. 


ABOUT one year ago, and after two years of close in- 
vestigation, the writer succeeded in isolating from some 
samples of cheese, which had produced alarming symp- 
toms in many persons, a highly poisonous ptomaine, 
to which the name tyrotoxicon (cheese poison) was 
given, The effects of this poison were demonstrated 
repeatedly upon some of my students, who kindly 
offered themselves as subjects of experimentation, and 
upon myself. These were found to agree closely with 
those observed by the physicians who treated the per- 
sons made sick by eating of thecheese. There were re- 
ported to the Michigan State Board of Health about 
300 cases. The most prominent symptoms were dryness 
and constriction of the fauces, nausea, retching, vomit- 
ing, and purging. 

The vomited inatter was frothy and the stools watery. 
In some there was evidence of marked nervous de- 
pression. Although in many the condition seemed 
alarming, all finally recovered. 

A report of the discovery of tyrotoxicon in cheese 
will be found in Zeitschrift fur physiologische Chemie, 
B. x., Heft 2; also in the annual report of the Michigan 
State Board of Health for the year 1885. 

Last November a student brought to mea four ounce 
bottle partly filled with milk, which had stood tightly 
closed with a glass stopper for about six months. From 
this I sueceeded in isolating the same poison. It was 
recognized by its crystalline appearance and by its 
effect upon myself. It was presumed that this milk 
was normal in composition when first obtained ; but 
of this we could not be certain. 

I then put several gallons of normal milk in perfect- 
ly clean bottles with glass stoppers, and allowed these 
to stand in my work room. From time to time a 
bottle was opened, and the test for tyrotoxicon was 
made. These tests were followed by negative results, 
until about three months after the experiment was 
begun. I then succeeded in getting the poison from 
one of the bottles. The method of testing for it was 
as follows: The coagulated milk was filtered through 
heavy Swedish filter paper. The filtrate was colorless 
and decidedly acid in reaction. It was rendered feebly 
alkaline by the addition of potassium hydrate, then 
agitated with ether. After separation the ethereal 
ayer was removed with a pipette, allowed to run 
through a dry filter paper to remove a flocculent, 
white substance which floated in it, and then allowed 
to evaporate spontaneously. If necessary, this residue 
was dissolved in water and again extracted with ether. 
On the evaporation of the ether, the tyrotoxicon was 
recognized by its crystalline appearance, by its odor, 
and by placing a small bit on the tongue. As the ether 
takes upsome water,there is usually enough of the latter 
left after the spontaneous evaporation of the ether to 
hold the poison in solution, and in order to obtain the 
crystals this aqueous solution must be allowed to stand 
for some hours in vacuo over sulphuric acid. 

From one-half gallon of the milk there was obtained 
quite a concentrated aqueous solution of the poison 
after the spontaneous evaporation of the ether. Ten 
drops of this solution placed in the mouth of a small 
dog, three weeks old, caused, within a few minutes, 
frothing at the mouth, retching, the vomiting of frothy 
fluid, muscular spasm over the abdomen, and after 
some hours, watery stools. The next day the dog seem- 
ed to have partially recovered, but was unable to re- 
tain any food. This condition continuing for two or 
three days, the animal was killed with chloroform. No 
examination of the stomach was made. 

It may be remarked here that I have elsewhere 
pointed out the necessity of using pure ether for these 
extractions, as some samples of ether contain an irritat- | 
ing, ptomaine-like substance. 

June 13, 1886, | received from Dr. Henry B. Baker, | 
secretary of the Michigan State Board of Health, a pint 
bottle about two-thirds full of meltetl ice cream, with 
the request that | analyze it, as some eighteen persons 
had been seriously affected by eating it. Dr. Baker 
also sent some of the vanilla which had been used as 
flavoring. It was thenght that the poison would be 
found in the vanilla, because some lemon ice cream 
furnished at the same gathering had not affected those 
who ate it. As the readiest means of deciding this my | 
assistant, Mr. Novie, and myself took at first thirty 
drops each of the vanilla extract. No ill effects follow- 
ing this, Mr. Novie took two teaspoonfuls more, with 
no results. This settled the question of the poisonous | 
nature of the vanilla more satisfactorily than could 
have been done by a chemical analysis. 

We then added some distilled water to the cream, | 
and after thorough agitation, filtered it. The filtrate 
was tested for tyrotoxicon by the method already | 
given. The aqueous solution, after the spontaneous | 
evaporation of the ether, was given to a cat. Within) 
ten minutes the cat began to retch, and soon it vomit- 
ed. This retching and vomiting continued for two| 
hours, during which time the animal was under ob-| 
servation, and the next morning it was observed that | 
it had passed several watery stools. After this, al- | 
though the cat could walk about the room, it was un- 
able to retain any food. Several times it was observed 
to lap a little milk, but on doing soit would immedi- 


rect business methods, and to do unto your neighbor | ately begin to retch and vomit. Even cold water pro- 
as you would have your neighbor do to you. Thus 
will all good come to you in God's best ways. You can 
then take part in the great work, the two great ways 
of helping the world, giving work to the worker and 
help to the helpless. 








dueed this effect. This condition continuing, after 
three days the animal was placed under ether and its 
abdominal organs examined. 


| older ones. It requires a comparatively large amount 
of the poison to cause any marked symptoms in an old 
cat. 
After having made these experiments I received from 
Dr. R. C. Moffit, of Lawton, Mich., the following letter : 


“LAWTON, MICH., June 21, 1886, 
|. “DKAR Doctor: I understand from Prof. Chas. 
Lawton, of this place, that the cream sent to Lansing, 
| for examination, has been forwarded to you, so I write 
to give you the particulars. About two hours after eat- 
ing the cream every one was taken with severe vomit- 
ing, and after from one to six hours later with purging. 
The vomit was of a soapy character, and the stools 
watery and frothy. There was some griping of the 
stomach and abdomen, with severe occipital headache, 
excruciating backache, and ‘bone’ pains all over, 
especially marked in the extremities. The vomiting 
lasted from two to three hours, then gradually sub- 
sided, and everybody felt stretchy, and yawned in 
spite of all resistance. The throats of all were wdema 
tous. One or two were stupefied ; others were cold and 
experienced some muscular spasms. A numb feeling, 
with dizziness and nomentary loss of consciousness, was 
complained of by some. ‘Temperature was normal, 
and pulse from 90 to 120. Tongue, dry and chapped. 
All were thirsty after the vomiting subsided, and 
called for cold water, which was allowed in small 
quantities, with no bad results. After getting out, no 
one of the victims was able to be in the hot sun for 
several days, and even yet (about ten days after the 
poisoning) the heat affects myself. I attended twelve 
persons, besides being sick myself, and all were affected 
in pretty much the same way. Several complain yet of 
inability to retain food on the stomach without dis- 
tressing them. The man who made the cream took a 
teaspoonful of it, and he vomited the same as those who 
ate a whole dish, but not sooften nor for so longa time. 
All are affected with an irresistible desire to sleep, 
which can searcely be overcome. Even yet some of us 
feel that drowsy condition, with occasional occipital 
headache. Yours fraternally, 
R. C. MorrFirt, M.D.” 


It willbe seen from the above that the symptoms 
produced in the persons agree closely with those ob- 
served in the cat. Cases of poisoning from ice cream 
are by no means rare, and I hope that those who have 
the opportunity will not fail to test for tyrotoxicon. 
In the report of the Brooklyn Board of Health for 1885, 
an instance is given of the poisoning of more than 100 
persons from ice cream, sent out from one restaurant. 
The chemist was unable to detect any mineral poison. 
The injurious results were attributed to the use of de- 
composed gelatin ; but no gelatin of any kind was used 
in-the Lawton cream. Other cases ocecurringin New 
York and Brooklyn have been attributed tothe em- 
ployment of artificially prepared vanilline for flavor- 
ing; but the vanilla extract used in the Lawton creain 
was not poisonous, as has been shown. 

As I write this, I notice in the daily papers the report 
of the fearful poisoning from ice cream, near Leming- 
ton, N. J. The papers state that the poisonous sub- 
stance is arsenic, but how this has been determined is 
not given. I suppose that arsenic has been named 
from the symptoms. If it be true that the cream was 
made from milk brought in by the quart or gallon, by 
those participating in the festivities, the chance of mix- 
ing some milk containing the germ which must pro- 
duce the poison, with the good, and thus contaminat- 
ing the whole, was as favorable as it well could be. Of 
course, if a chemical analysis shows the presence of 
arsenic, the question is settled; but in all similar in- 
stances, chemical analysis has demonstrated the absence 
of mineral poisons. 

The circumstances under which tyrotoxicon develops 
require farther study. As has been shown above, it 
may develop in normal milk, kept in a clean bottle 
for three months; but itis evident that in some in- 
stances it appears much earlier. The production of 
the ptomaine is, in all probability, due either directly 
or indirectly to the growth of some micro organism. 
In the cheese Dr. Sternberg found a new micrococcus;: 
but whether or not there is any relation between this 
organism and the poison remains to be determined. In 
the cheese, milk, and cream, in all of which I have 
found the poison, there was present more or less butyric 
acid, and it may be that there is some intimate relation 
between butyric acid fermentation and the production 
of the poison. Some years ago Selmi obtained a 
ptomaine which resembles coniine, and pointed out 
that it might be formed by the action of butyric acid 
on ammonia, thus : 


2C,H.O.4+NH;:—2H.,0=C,HisN. 


(Buytric acid.) (Ammonia.) (Coniine.) 






Or thus: 
2C,H,.0.4+-NH;+2H—4H,0=C,HisN. 


In like manner other fatty acids may react with de- 
composing nitrogenous substances, forming alkaloidal 
bodies. Tyrotoxicon has no special resemblance, so 
far as is known, with coniine, but the possibility of 
these alkaloidal substances being formed in this way is 
worthy of mention. T. Lauder Brunton, in referring to 
the writer’s discovery of tyrotoxicon, states that from 
the action of the substance he would infer the presence 
of two poisons. This is altogether possible. The 
writer has not been able to obtain the poison, as yet, 
in quantities sufficient to enable him to make an ulti- 
mate analysis ofit. But that it is achemical body pro- 
duced by fermentation there can be no doubt. 

If there be any doubt about the poison being pro- 
duced by fermentation, the following experiment 
would seem to clear it up. 

June 26, I took two samples, of one pint each, from a 
bottle of milk which had already undergone the lactic 
acid fermentation. These samples were placed in clean 
glass graduates. To one, a piece of the solid portion of 


We certainly expected , the poisonous custard, about the size of a filbert, and 


to find marked inflammation of the stomach. But we} which had been washed with distilled water, was added. 
really did find the stomach and small intestines filled|'To the other no addition was made. These samples 





be | 


anc 
cre: 
cov 
Th 
dia 
Th 


the 
Th 
sug 
put 
sal! 
ma 
usu 


the 
not 
ine 
the 
ma 
use 
bu’ 
the 


ma 
the 
bu’ 
an 
the 
da: 
wo 
pa 


the 
the 


m 


™. 
mm 














Aveust 28, 1886. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 556. 





8881 








side for forty-eight hours. Both were then 
he one to which no addition 
was wade gave no crystals, no odor, and when given to 
a cat produced no effect. The one to which the addi- 
tion had been made yielded crystals which had the 
odor of _tyrotoxicon, and which, when given to a very 
large old cat, produced frothing at the mouth and 
retching, but no vomiting or diarrhm@a, and the next 
day the animal was able to eat food and seemed to 
have recovered. 1am quite certain that had this been 
administered to a young animal, the result would have 
been more marked. . : . 

It is well known that milk, while undergoing the 
lactic acid fermentation, does not possess any such 
yoisonous properties as those belonging to tyrotoxicon. 

here is no evidence, then, that the poison is connect- 
ed inany way with the ordinary decomposition of milk. 
The following extracts from a letter just received from 
the maker of the Lawton cream show that the at- 
tention given to the milk and vessels was all that could 
be desired : 


= - 
stood side by ! 
tested for tyrotoxicon. 


“The milk of which the cream was made was fresh 
and sweet morning’s milk, only reserving with it the 


cream of the milk of the night before from the same | 


eows. The milk is kept in a cool clean milk cellar. 
The custard was made about noon that day, and imme- 
diately afterward the process of freezing was begun. 
The vessels were all thoroughly cleaned. There was 
no possibility of any impurities adhering to them, for 
they were sealded, wiped, and dried before being used. 
The only ingredients used were the milk, cream, eggs, 
sugar (best granulated), and the flavoring. 

“The lemon cream was frozen first, then taken out, 
put into the packers, aud packed solid with ice and 
salt. Then the vanilla cream was frozen in the same 
manner. I used the best Jenning’s extract, about the 
usual quantity, not in excess. The cream was eaten in 
the evening by many people of the village. All of 
those who ate of the vanilla cream were made sick, and 
none of those who ate of the lemon cream suffered any 
inconvenience. 

‘“Now, the milk was the same in both, milked from 
the same cows the same morning that the cream was 
made, so that there was no difference in the custard 
used in making the vanilla cream and the lemon cream, 
but it turned out that the one made people sick and | 
the other did not. 

‘* We have continued making cream since in the same 
manner without the least change of the ingredients or 
the apparatus, except we have not used vanilla extract, 
but lemon and pineapple, and it has been freely eaten 
and no one has been made sick by it. 

* Clearly in my mind the milk does not account for 
the trouble. One thing further: Of course, the cream 
which you examined has been made since the ninth 
day of June, and may have undergone changes which 
would result in generating the poison referred to in the 
papers (certain newspaper accounts of the finding of 
the poison), and which wonld not have been found in 
the cream had it been examined when fresh. 

“If there is anything farther that I can furnish you 
in regard to facts or circumstances in connection with 
this ice cream, I will be willing at any and all times to 
give the fullest information possible. Hoping to re- 
ceive the correct analysis soon, I remain yours respect- 
fully, J. W. JOHNSON.” 


That the poison which I found in the cream was the 
same as that which affected the people cannot be 
doubted after comparing the symptoms produced in 
the cat with those observed by Dr. Moffitt, and as has 
been stated the experiment on the cat was made before 
I received the letter from Dr. Moffitt. The cream was 
made on the 9th of June, and the poison separated on 
the 14th. 

I wrote to Mr. Johnson asking several questions, 
which he has kindly and fully answered. As the na- 
ture of the questions is shown in the answers, I will 
simply give the answers : 

‘““(1.) The milk from all the cows was mixed together 
in the making of the custard. 

‘**(2.) The custard for the lemon and vanilla was all 
one custard ; made and mixed before the extracts were 
put in. 

‘*(3.) We had previously used the same brands of ex- 
tracts (Jenning’s best), both lemon and vanilla, with 
no bad results. 

‘(4.) The food of the cows in the morning and even- 
ing consists of oats and corn, ground together and fed 
dry, with clover hay. I have never seen anything sus- 
picious in the pasture or food. There is a running 
stream of water, coming from a spring, in the pasture. 
There is plenty of shade. At evening the cows are 
driven from the pasture and placed in the stable or 
yard, according to the season. The stable and yard 
are open for inspection at any time. My residence is in 
the center of the village, and the Board of Health 
would not allow me to stable and yard my cows there 
if there were any bad odors during the summer. 

‘“(6.) The teats are thoroughly washed before each 
milking.” 

After receiving the above details concerning the 
making of the cream, the following experiment was 
made : 

July 8.—To one quart of night’s milk a piece of the 
solid portion of the Lawton cream, about the size of a| 
filbert, was added. This residue had been left in the | 
filter paper ever since the analysis of the poisonous | 
cream, June 14, and it was on June 8 that the first milk | 
for the preparation of the Lawton cream was collected. | 
This dried and hardened lump was crumbled into the 
milk, which was placed in a clean tin pan and set in a 
cool cellar. July 9, to a quart of morning’s milk, an- 
other small bit of the infected material was added, 
and this milk was also placed in the cellar. At 1 P. M. 
both portions of milk were poured into a clean earth- 
enware jar, and four fresh eggs beaten, and one pint of 
granulated sugar were added. The whole was 
thoroughly agitated, then allowed to stand at the tem- 
perature of the room until 4 P. M., when it was placed 
In the ice box of a refrigerator, surrounded by ice and 
here kept until 7 A. M. the next morning, July 10. 
Then three ounces of the custard was stirred up with 
distilled water, filtered, the filtrate rendered alkaline 
and agitated with ether. The residue on the evapora- 
tion of the ether was dissolved in a little water and 
given to a kitten abouttwo months old. Immediately 
the kitten manifested the symptoms of poisoning a 
tyrotoxicon, which have already been described. 





| began the analysis of this custard in the morning be- 
| fore having my breakfast, and getting a little on my 
finger in carrying the jar, I tasted of it. Within a very 
few minutes I was nauseated, and ten minutes after 
| taking it I vomited. The prompt action of so small a 
|quantity was probably due to the condition of my 
| stomach. 
| At2P. M. of the same day I took one teaspoonful of 
, the custard. Within thirty minutes there was marked 
| nausea and some violent retching, but no vomiting. At 
{three o'clock, the symptoms having abated, I took 
a tablespoonful more of the custard. At about half- 
past three I began to vomit freely. The nausea con- 
tinued for about an hour. After this there would be 
sing sensations of sickness. At 8 P. M., while visit- 
| ing a patient, I was taken very suddenly and sharply 
with nausea and griping pains in the abdomen. I again 
vomited and had one watery ‘stool. After this there 
was no farther trouble. The occipital headache, men- 
tioned by Dr. Moffitt in his letter, was very marked for 
some hours after taking the custard. It consisted of 
sharp, lancinating pains which were confined wholly to 
| the occiput. The nausea was peculiar. I cannot say 
| that there was pain inthe stomach. A sickening taste 
would be felt in the mouth and a peculiar, very sicken- 
ing odor, which I recognized as that of the isolated 
| poison, would intensify the nausea. The throat and 
mouth seemed filled with a sticky, tenacious mucus. 
|In short, the effects on these parts resembled those 
'which I have experienced from an overdose of 
or 
| Ithink that this experiment explains the poisonous 
nature of the vanilla cream. The fermentation going 
on in the custard, and probably begun in the milk, was 
arrested in that part flavored with lemon by the freez- 
ing which was begun immediately. But while the 
lemon cream was being frozen that part of the custard 
which was to be made into vanilla cream continued to 
ferment, and before the freezing process was begun 
enough of the poison was generated to seriously affect 
those eating of it. 

It should be remarked that in the custard which I 
made there was nothing peculiar in the taste. It was 
sweet and pleasant. But, while it was not at all acid 
to the taste, it gave a decidedly acid reaction as tested 
by litmus, and was not amphoteric in reaction, as cow's 
milk frequently is. 

It is possible that the presence of the large amount 
of albumen in the custard, from the eggs, hastened the 
fermentation. I believe that makers of cheese have 
found by experience that a large amount of albumen 
in cheese renders decomposition more easy. 

How the special germ which produces the poison 
found its way into the Lawton cream I cannot say ; 
but that it was either present in the milk or was con- 
tained in the eggs used, I think cannot now be 
doubted. 





TYROTOXICON AND CHOLERA INFANTUM. 


I desire to call attention to the great similarity be- 
tween symptoms of poisoning by tyrotoxicon and those 
of cholera infantum. I am aware of the fact that the 
term ‘*‘ cholera infantum” is used by many in referring 
to almost any summer diarrhm@a of children; but re- 
stricting the term to the violent choleraic diarrhaa, as 
is done by Smith and other best authorities on the sub- 
ject, we shall fmd its similarity to poisoning by tyro- 
toxicon very marked. 

The suddenness and violence of the attack, the nau- 


the profession as to the use of small doses of calomel in 
this disease. 

Fourthly, the use of opium in some form is consist- 
ent with the theory. 

And, lastly, tee administration of stimulants—brandy 
and ammonia—to counteract the depressing effects of 
the poison already formed and absorbed, should be 
practiced. 

All of these, save the first recommendation, have 
been practiced in the treatment of the disease empiri 
cally ; but the first—absolute discontinuance of the use 
of milk—I regard as of prime importance. 

Of course, it will be understood that attention to 
securing fresh air, and to other hygienic measures, is 
also desirable. 

It is altogether probable that an amount of the 
petece which would escape chemical detection might 
9e sufficient to produce poisonous effects in children. 

Ann Arbor, July 12, 1886. 

—The Sanitary News. 


PHOTOGRAPHIC DETERMINATIONS 
STELLAR POSITIONS.* 


By B. A. GOULD. 


It has been suggested that ashort account of my 
work upon stellar photographs for the attainment of 
accurate observations might be acceptable to the 
astronomical section. My intention had been to 
attend this meeting as a listener and learner only ; but 
I comply with the suggestion the more readily, since, 
by a notable coincidence, I spoke upon the same sub- 
ject in this place just twenty years ago, this week. It 
is true that my communication then was only an oral 
one and never reduced to writing; for the successful 
establishment of the Atlantic cable, of which I had 
received notice that day, called me away suddenly, 
before the time fixed for the regular presentation ; but 
an elaborate written memoir upon the subject had 
been presented to the National Academy, ten days 
previous, at Northampton. 

The early history of celestial photography is demon- 
strably and exclusively American; and its use asa 
method of delicate quantitative research is very 
markedly so. Without entering upon the historical 
data, which are of easy access to every investigator, I 
may mention that No. 77 of the Astronomical Journal 
contained nineteen photographie impressions of as 
many different phases of the solar eclipse of 1854, May 
26—the moment of each impression being given to 
the nearest tenth of a second. These were taken at 
West Point, under the direction of Prof. Bartlett, of 
the U. 8. Military Academy, and form a part of his 
memoir, in which he also gives the distances between 
the cusps, as measured by himself with the micrometer 
in the telescope. ‘Ten years later, in 1864, Mr. Rather- 
furd constructed the 1144 inch photographic object 
glass which has acquired so conspicuous a place in 
astronomical history ; and with this, in addition to its 
other achievements, he obtained sharp photographic 
stellar images with a definition previously unknown, 
taking for the first time distinct impressions of stars 
invisible to the naked eye—in fact, to the 894 magni- 
tude for white stars. 

After constructing a micrometer of great delicacy for 
the measurement of these plates, he measured with 
this the relative distances and position angles of the 
stars which they contained. And in the spring of 1866, 
he kindly placed in my hands the results thus derived 
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sea and vomiting without marked tenderness of the 
abdomen, the character of the stools, the great thirst, | 
the severe pain in the back of the head, the nervous} 
prostration, and the tendency to deep sleep, are all ob- | 
served in both. Again, the white, soggy appearance | 
of the mucous membrane of the stomach of the cat cor- | 
responds exactly with observations in children after | 
death from cholera infantum. Cholera infantum, as is | 
stated by Smith, ‘‘is a disease of the summer months ; | 
and, with exceptional cases, of the cities.” Thus, the| 
disease occurs at a time when decomposition of milk | 
takes place most readily. It occurs at places where | 
absolutely fresh milk often cannot be obtained. It is 

most. prevalent among classes of people whose sur- 

roundings are most favorable to fermentative changes. 

It is most certainly fatal at an age when there is 

the greatest dependence upon milk as a food, and} 
when, on account of the rapid development of intesti- 
nal follicles, there is the greatest susceptibility to the| 
action of an irritant poison, and when irritative and | 
nervous fevers are most easily induced. If all these} 
facts be taken into consideration, along with the ex-| 
periments which have been detailed, and which show | 
the readiness with which the poison can be generated, | 
it will certainly seem at least probable to any one that | 
tyrotoxicon may be a cause of cholerainfantum. A} 
little dried milk formed along the seam of a tin pail, or! 
a rubber nipple, tube, or nursing bottle not thorough- | 
ly cleansed, may be the means of generating, in a large | 
quantity of milk enough of the poison to render it 

highly harmful to children. The high temperature ob- 

served in children with cholera infantum, and which} 
has not been observed in adults poisoned by tyrotoxi-| 
con, may be caused by the continued production of the | 
poison in the child’s intestine, by the continued admin- 

istration of milk, and by the greater susceptibility of | 
the sympathetic nervous system in children. 

If this causal relation does exist between tyrotoxicon 
and cholera infantum, a knowledge of it will aid us, 
not only in the preventive, but in the curative, treat- 
ment of the disease. The first thing to do in the treat- 
| ment of the disease is to absolutely prohibit the further 
jadiministration of milk, either good or bad, because 
| the fermentation going on in the intestine would sim- 
bly be fed by the giving of more milk, even if that milk 
be of unquestionable purity. I would suggest that 
some peptone preparation be used for food, though ex- 
perience will soon give us valuable information on this 
point. 

A germ which forms a poisonous ptomaine by its 
growth in milk may be wholly harmless when placed 
in a peptone solution. 

Secondly, mild antacids should be administered, be- 
cause the poison, so far as our information goes, is pro- 
duced only in acid solutions. The great value of the 
chalk mixture in the treatment of the disease is well 
known. 

Thirdly, theoretically at least, the employment of 
small doses of some disinfectant would be of benefit. I 


| 








find that there is considerable difference of opinion in 


from three plates of the Pleiades, each containing 
two impressions, taken on the evening of March 10. 
One of these plates contained forty stars. Bessel’s 
memoir upon the Pleiades, published in 1844, gave 
the relative positions of 54 stars, measured with the 
Konigsberg heliometer, during the years 1829 to 1841. 
Six of these 54 do not belong within the limits of 
the plate (which contains about one square degree), 
and 10 of them are too faint for the photographie 
record, so that 16 of Bessel’s list are wanting; but, 
on the other hand, there are two additional ones, 
not observed by him. 

From this fact alone it may be perceived that among 
the great benefits which astronodmy may be justified in 
expecting from celestial photography, the accurate 
determination of magnitudes does not find place. The 
chemical action of the stellar light upon the film is so 
dependent upon the character of that light that, in 

he absence of a correct knowledge of its composition, 

we are very easily deceived regarding the amount. 
Thus one of Bessel’s stars which was not recorded upon 
any of Mr. Rutherfurd’s plates is estimated by Arge- 
lander as of the magnitude 8°0, and by Wolf as 7%, while 
five are distinctly recorded which Argelander calls 844 
or less, and eight which Wolf so estimates. The spec- 
troscope would doubtless show a deficiency of the 
more refrangible -rays in the light of the former, and a 
preponderance of the same in that of the latter. 

This series of measurements by Mr. Rutherfurd, 
together with the computations to which the results 
were submitted, constitute, if I am not mistaken, the 
first application of the photographic method to exact 
astronomical determinations. And the investigation 
necessarily demanded especial care, both for guarding 
the numerical results against sources of unsuspected 
error and for fixing the limits within which known 
theoretical errors would remain unappreciable. 

The importance of the successful application of a 
method so different from all previous ones, and so full 
of promise, and also the considerable time which would 
inevitably elapse before the memoir could be printed, 
led me at the same time to communicate to the Astro- 
nomische Nachrichten, at Altona, some of the result- 
ant values. In a comparatively short note, written 
about the middle of August, 1866, 1 gave forthe ten 
most conspicuous stars of the Pleiades, after Aleyone, 
the corrections derived from one of the photographie 
»lates of March 10, for the values, published by 

ssel, for the position angles and distances from 
Aleyone in 1840; as likewise the average discordance 
found for a single measure. 

In the next following year the Academy had not the 
means of printing its memoirs ; and as, in the mean 
while, Mr. Rutherfurd had measured five more of the 
plates of the Pleiades previously taken, as well as six 
additional ones taken in the months of January and 
February, 1867, these were also computed, and the re- 
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sults added to those from the first three plates in the 
memoir already written. 

Various circumstances combined to delay the publi- 
eation, chief among them being what seemed to mea 
manifest impropriety in printing the results derived 
from photographs and measurements made by Mr. 
Rutherfurd, and by his own methods, before some ac- 
count of these inethods should have been published by 
him. His communication on the subject had been 
made to the National Academy immediately previous 
to my own, but was not yet in such form as he desired 
for publication. 

The result showed a very remarkable accordance with 
Bessel’s determination for 1840, although the total 
amount of relative proper motion during the elapsed 
26 years was comprised in the differences. 

This memoir still remains in its original form, but 
unpublished ; the results being deduced from 24 photo- 
graphic impressions upon 14 plates. 

In the next year, 1868, I had the gratification of re- 
ceiving from Mr. Rutherfurd the results of his measure- 
ments of 32 stars of the cluster Presepe, derived from 
11 impressions. These were computed in the same way 
that those of the Pleiades had been, and an analogous 
memoir upon this cluster was prepared for the National 
Academy. 

Before leaving the country, early in 1870, I gave these 
two memoirs to Mr. Rutherfurd, with the request that 
he would send them to the printer, at the same time 
with his own paper, already mentioned; but not before 
then. The condition of his health prevented him from 
attending to the matter for some time ; and in the in- 
terval, he arrived at the unpleasant discovery that the 
screw of his micrometer had suffered from wear, and 
to an extent which led him to fear a want of that 
accuracy of which the method is susceptible, and which 
he hoped to see demonstrated by its very first applica- 
tions. 

Notwithstanding this possible blemish, it seems to 
me that the results ought to be now made public in 
their original form, after due mention of the cireum- 


stances ; and it is among my hopes to be able soon to| 


publish these two memoirs from the original manu- 
script of so many years ago. 

The method was received with manifest distrust and 
disregard abroad ; and, as was but natural for so essen- 
tial a deviation from former methods, very many 
grounds of criticism and objection were brought up. 
‘One of the principal of these was the possible distor- 
tion of the collodion film, after receiving the impres- 
sions and before the measurements; but Mr. Ruther- 


somewhat less than 1,300, only few having been pre- 
served in which the images were not cireular. 

Especial attention, however, was given, for many 
years, to taking frequent impressions, at the proper 
seasons, of four stars selected, on account of their large 
proper motion, as likely to manifest appreciable annu- 
al parallaxes. The refined and elaborate observations 
of Tea, Gill and Elkin, at Cape Town, have been made, 
computed, and published, while the Cordoba_photo- 
graphs have lain untouched in their boxes. There is 
but one of any four stars, Beta Hydri, which is not in- 
cluded in their list. Still it will be a matter of much 
interest to apply the photographie investigation to the 
same problem, even if for no other purpose than a 
comparison of the results of the two methods. 

lam convinced that the Cordoba plates contain a 
large number of stars as faint as the eleventh magni- 
tude of Argelander’s scale, and believe that these are 
much the earliest photographs of stars fainter than 
Mr. Rutherfurd’s of 1865 and 1866. There are several 
plates, covering about a degree square, which cannot 
contain less than 550 stars, and I believe that some of 
them contain a greater number. Such are those of the 
cluster Lac. 4,375 and that near X Carine. 

The region in the vicinity of Eta Carine, and that 
magnificent tract in Sagittarius which is too densely 
sown with stars to be considered merely a portion of 
the Milky Way, and yet too large and undefined to be 
| regarded ingly as a cluster, were both of them taken 
several times, during the years 1875 to 1882, in series of 
overlapping photographs, each containing about a 
square degree, and recorded upon a glass surface of 
9 by 12cm. In their present form they are of course of 
small value for scientific use, inasmuch as the stars are 
| too crowded for their configurations to be easily per- 
jceived ; and, although these two series form in fact 
| maps of considerable regions in the sky, still the record 
|is of a very perishable nature, and of small avail for 
use by astronomers until it shall have been translated 
}into an enduring and numerical form by micrometric 
| measurement. 

In this connection I may say that one of the greatest 
|of my present anxieties regarding the Cordoba photo- 
graphs arises from a discovery of the ease with which 
|the collodion or gelatine film may become detached 
\from the glass. The Argentine Government has as- 
|signed a moderate sum for the prosecution of the 
| measurements, and with this some progress has already 
j}been made. It is but right to add that the full 
| amount was given for which I asked. Still it is now 
| quite inadequate, in consequence of the unfortunate 








furd speedily disposed of this point, at least so far as| depreciation of the national currency; and, in the 


the albumenized plates are concerned ; and, moreover, 
the combination of measurements of the same stars de- 
rived from various plates will at once make manifest 


| present financial crisis there, 1 cannot reasonably ex- 
pect more. Yet this matter of prompt measurement 
appears to me at present much more important than it 


the degree of confidence to which the several values | did while I was unaware of the facility with which the 


and their wear are respectively entitled. 


film can blister and peel. 


A far more serious obstacle to accuracy is presented | In 1883, after Mr. Common’s brilliant success in 
by the difficulty of obtaining absolutely round images. | photographing nebulas with his great three-foot re- 


Irregularity of form in the dots formed by the stellar 
impressions is almost incompatible with precision of 
measurement ; and, as the time of exposure must often 
be long, the chief problem was, not so much to obtain | 
the images as to insure uniformity of motion in the 
telescope during the period of exposure. Not that the 
photographic processes were not troublesome enough 
before the introduction of the dry-plate processes, for 
very great care and numerous precautions were often 
necessary to prevent the plates from drying too fast ; 
but far the greatest difficulty consisted in obtaining 
sufficient precision in the clockwork and equatorial 
motion of the telescope. 

It may easily be imagined how great was my desire, | 
when leaving home for South America, to extend this 
new method of observation to the southern hemi-| 
sphere. But the obstacles encountered in the endea- | 
vor cannot be easily imagined. Upon these I will not 
enlarge here further than by saying that, in Cordoba, 
also, the attainment of circular dots for the star images 
offered incomparably the greatest of all the difficulties 
of a practical character. The time of exposure was 
limited by the maximum size allowable for the large 
stars, and, previous to 1878, also by the drying of the) 
plate, although exposures of twenty minutes were not 
unusual. Nevertheless, by dint of specially construct- 
ed governors and regulators, and by ceaseless atten- 
tion, we did sueceed in obtaining impressions which, to 
the unaided eye, appear absolutely round 

This necessity of long-continued and minute uni- 
formity in the motion of the telescope is, of course, 
largely diminished by the employment of instruments 
of large aperture, inasmuch as the necessary time of 
exposure is diminished in the same ratio in which the 
amount of light is increased. It is yet further and 
most notably diminished by the manifold greater sen- 
sitiveness of the dry gelatine plates. But notwith- 
standing all this, the attainment of round images, 
while almost indispensable for giving to stellar photo- 
graphy that increased accuracy to which it may lay 
claim as a means of research in practical astronomy, 
still demands especial care and precaution. 

The Argentine Government cordially afforded every 
assistance which I deemed it proper to ask for these 
investigations. And although the chief energies of 
the Cordoba Observatory were absorbed by those in- 
vestigations for which the institution was established, 
I had the satisfaction of obtaining a sufficient number 
of stellar photographs to occupy not only my own 
lifetime, but many more, in their measurement and 
proper computation. 

We photographed no northern stars there except the 
Pleiades and the Presepe. Of the Pleiades I brought 
home sixteen plates, with two impressions of the whole 
group upon each, made in five different years, from 
1872 to 1882, inclusive. Although the center of the 
cluster never attains a greater altitude at Cordoba 
than 34° 50’, some of the plates contain 70 stars. All 
but one of Bessel’s stars are there, which belong within 
the limits of the field, the missing one being of the 
magnitude 914, and there are yet other stars of the 
magnitudes 10, 104¢, and 11. Of the Prwsepe, there 
are five plates, and with a correspondingly increased 
number of stars. 

About seventy southern clusters have been repeated- 
ly photographed at Cordoba, comprising all those of 
the southern namniepmere which seemed important, 
also somewhat more than a hundred double stars, being 
a sufficient number to serve as a good test of the meth- 
od. The total number of photographs now on hand is 





| only tocompare the results with Bessel’s of 45 years 


fleetor, he proposed to me a joint arrangement for 
photographing the whole heavens. My work at 
Cordoba was so near its close that it was out of the 
question to undertake anything new ; but the immense 


Some were of foreign manufacture and others domestj 
among which was a ‘silver steel” by the Catasan, ss 
Steel Co., and mild steel by the Atho Steel Works. ot 
Newark, N. J.; there was also a number of other very 
excellent brands. We took asampie bar, and forged frou 
the same aset of dash heels fora buggy, and when 
cold subjected them to all sorts of strain without frae- 
ture. e heated the same to about 700°, and cooled in 
cold wafer, and again put the forgings through another 
set of tests, and stil] no fracture. Welds were made 
and swaged, and codled off, while at 500°, and eould not 
be broken any more than could the same made of Nor. 
way. It was as easy to weld without flux as any ordi. 
nary iron. There wasa density or hardness about it 
while torging it that follows in the working of“ Low 
Moor” iron. When cold, it is much stiffer than Nor. 
way, but will bend under a heavy pressure without 
breaking. It swages much smoother than iron, and 
consequently requires less filing or grinding. In the 
lathe, oron the planer, # smoother cut is made than 
with anv known iron. Forgings can be made lighter 
with it than with iron, and still stand greater pressure 
or strain without bending. 

We next had a piece lathed and casehardened with 
bone dust, which was afterward put through the buff. 
ing process, with a view to show up seams, dirt, or 
looseness. The result was—nota blemish could be de- 
tested. After nicking with a cold chisel, we tried its 
breaking qualities over the sharp corner of the anvil, 
and after more than a dozen vigorous blows with a 14 
pound hammer, faiied to break the specimen. 

With all these facts before us, we come to the con- 
clusion that at last the carriage builder has reached a 
proper metal for the production of his wares, pro- 
vided the manufacturers will study their own interests 
by putting the same on the market in merchantable 
sizes. 

For axles, the spindies of which may be tempered, 
and for axle boxes, we do not know of a better metal, 
For all work which is subject to all sorts of adverse 
strains it has no superior, if it has an honest equal, 
which we doubt. It would be impossible to find a bet 
ter article for rocker plates. For polished work, pol 
crabs, lead bar fixtures, cock eyes, ferrules, door handles, 
or any other furniture in the carriage line, it has no 
superior. The fact of the matter—it is just what we 
want, and we want it right away, thatis, if we can get 
it; and there is no plausible reason why we should 
not.—Carriage Monthly. 





PAPER WATER PIPES. 

Gas and water service pipes, made of paper, have re- 
cently been exhibited in Vienna. These pipes are made 
in the following manner: Strips of paper, the width of 
which corresponds with the length of one pipe section, 
are drawn through melted asphalt, and then wound 
upon a mandrel. When the pipe thus formed has be- 
come cool, it is pulled off the mandrel, and the inside 
is covered with a kind of enamel, the composition of 
which is kept a secret. The outside is painted with 
asphalt varnish, and dusted over with sand. It is 
| stated that such a pipe will resist some 2,000 pounds in- 





labor requisite for the measurement of the plates | ternal pressure, although the thickness of the material 
would, under any circumstances, have tended to deter | is only about half an inch. It is also claimed that the 
me. It is an undertaking demanding the joint energy, | pipes are likely to be useful for various factory pur- 
application, and material resources of a large number | poses, and for laying electric cables. 


of persons, if the results are to be made available for 
astronomical use ; indeed, Rsee no other astronomical 
value in the unmeasured photographs than the possi- 
bility of confirming at some future epoch the exist- 
ence of relative motion previously detected or made 
probable by some other investigation. 

Since then, the process of photographie charting is 
said to have been systematically undertaken by the 





EXPERIMENTS TOWARD THE ANIMAL 
BATTERY. 
THE ANIMAL DIELECTRIC. 


THE subject which has had the first place in my 
work during the past quarter is the attempt to arrive 








Brothers Henry, at Paris. I have seen none of their 
plates ; but their sharpness is highly spoken of, and 
the work appears to be prosecuted with much skill 
and very sensitive plates. There can of course be no 
question as to the value of any permanent record what- 
soever, corresponding to a known date; yet I cannot 
feel that any essential advance is likely to be made in 
this way until the spec gow nt record shall have been 
brought within the range of numerical expression. 
The measurements of the Cordoba photographs, thus 
far completed, are those of the double stars, the four 
stars with large proper motion, of the Pleiades, of the 
Presepe, and of the clusters Lac. 4,375 and Kappa 
Crucis. The corresponding computations have been 
made, as yet, only for a portion of the Pleiades impres- 
sions, but lam hopeful of completing all these at a 
comparatively early date. We shall then be able not 


ago, but to test the deduced values of the proper mo- 
tions by means of the photographie determinations of 
1865 and 1866. Meanwhile the valuable memoir of 
Wolf has been published, giving closely approximate 
positions for 571 stars of the group, and Dr. Elkin has 
recently been executing at New Haven a heliometric 
triangulation of the principal stars. Our photographic 
results will have to be confronted with his delicate 
heliometrie ones ; and should they bear this test with 
tolerable success, it will be all that can reasonably be 
desired. 





STEEL VS. IRON FOR CARRIAGE WORK. 


THE average intelligent carriage smith is no more 
puzzled in the working and welding of steel than he 
is with the same treatment of iron. 

The Bessemer process, by its ready and cheap ren- 
dering of crude pig iron into merchantable bars of 
steel, has revolutionized the steel trade. Cheaper 
methods and a better product is the aim of many. 
The carbonization to a limited extent of bar iron is 
the great theme, a method which will dispense with 
heavy and costly machinery, and one which has -met 
with very fair results at the present time. 

Steel can be made from Danemora bars or blooms, 
and placed on the market at a cost so trifling above 
the cost of Norway shapes as to not reach more than 
a few dollars per ton. The product in question is 
equal in all strains of a tensile, torsional, or impact 
character to the best of Norway iron the werld pro- 
duces ; while the resisting force in transverse strains is 
much greater. ‘ 

We were present, a few days since, at the testing of 
a number of celebrated brands of this new mild steel, 


at a correct idea of the structure, whatever it may be, 
|which in the living body is capable of acting as a 
| dielectric. If the living body is an electrical organiza- 
| tion in true as distinct from symbolical representation, 
| then the dielectric must be found within the organism, 
jand must be proved there, before the secret of action 
jean be disclosed. The dielectric is the electric sub- 
stance. The two electricities cannot exist without it ; 
there can be no phenomena without it. 

In the obscurity which prevails, we might assume 
that the hypothesis of the animal body being an elec- 
trical organism is a pure chimera, and that the author- 
ity of even Faraday himself might be set aside in 
support of such an hypothesis, until something more 
than has yet been discovered is brought to light. 
admit, at once, what many feel, that much of the ex- 
perimental argument which has been expended on 
animal electricity, laborious, laboriously technical, 
and studiedly learned though it may be, is so much 
verbiage until a working solution of the difficulty has 
been made out. If the animal machine, in life, is an 
electrical machine, why can we not set it working like 
any other electrical apparatus? Or, if we cannot go 
so far as this, why cannot we determine the elements 
of the machine, and, as we would with a machine 
constructed by men, define the parts of it and their 
duties? Is there a primary battery, and, if there is, 
where? Is there a storage or secondary apparatus, 
and, if so, where? Are there conductors, and, if so, 
where? Is there a dielectric structure for a machine, 
and, if so, where ? 

In the fully organized body of a living animal, all 
these elementary questions are so confused or con- 
cealed, we might, I repeat, hesitate altogether did they 
stand alone. But, fortunately, there is in nature the 
most perfect evidence of the existence of an organic 
electrical apparatus, evolved by nature herself, worked 
by mental impulses, and playing the part so clearly of 
a statical apparatus yielding electrical phenomena, 
that we know the thing is done, although we do not, 
even there, know how it is done. In the electric eel, 
to which I now refer, we actually have the apparatus 
before us, and yet we do not comprehend the method 
by which it is worked ; we feel the shocks the machine 
gives, and yet do not see how the charge is laid, nor, 
in a physiological point of view, how it is delivered. 

I have had under observation the effects of the 
shock from two live electric eels. From one of them I 
took a shock sufficient to communicate a stun from 
the palm of my right hand through the arm to the 
sheblner, and across the fore part of the chest. I saw 
a similar shock from the same animal strike into insen- 
sibility the carp which are intended for its food. 





which, sooner or later, will usurp the place of iron, 


After testing the shock which one of these animals 
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ny own body—receiving the shock from connecting the outer surface of the body of the eel 
my left hand—I fitted up an ordinary Leyden jar, and | with the earth, a discharge could always be taken from 
charged it so that it produced, to my sense, the precise | the ball. By suspending a light cotton-wool brush by 
power of the shock which the vital Leyden jar had | a thread of silk near to the ball—after charging from 
produced. Between the two kinds of shock there was | the machine—the cotton first attracted to the ball was 
only one point of difference. | then vigorously repelled from the ball, and afterward 
The shock I took from the eel from my left hand, | made revolutions around the ball until the charge was 
placed over its body across the electric apparatus, | used up. In some instances, after storing the organic 
was sharp, painful, and extensive. As I have said, it) battery in this way, 1 retained the charge for twelve 
traversed ny arm up to the shoulder and passed across | hours, and then used it up in the work of moving the 
the chest, leaving in all these points an after sensa-|cotton-wool brush. In many instances, by waiting 
tion of numbness, which lasted for a period of five| after the battery seemed discharged, 1 got a forcible 
minutes, and subsided very gradually. The shock! reserve discharge. These results could be repeated un- 
from an ordinary Leyden gave precisely the same) ti! they were disturbed by the decomposition of the 
series of effects, with the one difference that on re-| animal structure. 
eeiving the shock from the body of the eel under the} In another series of inquiries I took the brain of the 
water, my hand seemed to be repelled, while in re-| sheep after death, and letting it harden in alechol un- 
eeiving the shock in air, either from within or without | til it could be cut into thin and even slices, I made 
the common Leyden jar, no such effect of repulsion | longitudinal sections of it, so as to get sets of plates of 
was perceived. varying thicknesses. I then very carefully coated 
The shock from the vital battery of the electric eel— | these sections with gold leaf on each side over the sur- 
local on large animals—is sufficient to render small | face of white matter, taking care to keep the edges of 
animals coming within its range generally insensible;| the leaf at least a fourth of an inch from any point of 
and the assumed intention of the apparatus is to} the margin of gray substance. Laying the sections on 
enable the eel to obtain its prey by the stun which it! an earthenware plate, with metallic connection from 
administers. But the stun itself is not, of necessity, | the under gold leaf, so as to make communication with 
fatal, for small carp swimming near the eel, though | the earth through the finger, I tried to charge from 
they be made instantly insensible by the discharge,|the upper gold leaf by the positive terminal of the 
may, if they eseape being swallowed by their potent! machine. The results were very curious. With plates 
enemy, show signs of renewed life very quickly, and in| the tenth of an inch in thickness the discharge always 
fifteen or twenty minutes may be seen moving about | passed through directly, so as to communicate a slight 
as briskly as if nothing had happened to them. | shock to the finger; with plates the fifth of an inch 
In my leetures on the physiological effects of the| thick the shock had to be rendered more intense for it 
great induction coil at the Royal Polytechnic Exhibi-| to pass ; and with sections a quarter inch thick there 
tion, published in the Medical Times and Gazette in| was no transmission at all. At the same time the con- 
the year 1869, I demonstrated that just the same effects | densation was very imperfect and very uncertain. 
—namely, stun and insensibility—could be produced The research here is more than usually important. 
by the common electrical shock of low tension. I| If it should prove that the white nervous substance is 
showed that a surgical operation could be painlessly | capable during life of acting as a condenser, after the 
performed during the occurrence of this insensibility, | manner of the secondary organic condenser which ex- 
with recovery as a result. in the same way as under! ists in the electric apparatus of the electric eel, the 


expended on 1 








anesthesia from chloroform. 

These observations are confirmatory of those made, 
long since, by Hunter, Walsh, and John Davy, as to 
the identity of the electric discharge from the living 
organic battery in the electric eel and the discharge of 
low tension from the Leyden jar. But I only refer to 
them here to indicate that in this vital battery, which 
is as truly a condenser as a Leyden apparatus, there 
must be a dielectric, and that from analogy there may 
be a dielectric playing the most vital of functions in 
the living body of all animals. 

I have tried to arrive at the solution of this scientific 
puzzle—whether there is such a dielectric—by the ex- 
clusion process. We may take it as a safe argument 
that whatever part of the body will readily conduct a 
current, is not a dielectric. With a charge of low 
tension I have, therefore, tested the structures of the 
animal body to exclude every one that will play the 
part of a conductor, and to find if any one failing in 
conduction will play the part of a dielectric, like glass 
or sulphur, in connection with a conductor on its 
opposing surfaces. The results may be epitomized as 
follows : 

Blood, either arterial or venous, either in its ordinary 
fluid form or condensed in any degree, or condensed by 
slow evaporation until it is semi-solid, or condensed by 
freezing until it is solid, fails to play the part. Under 
all these conditions, blood conducts, differing from 
water in that it conduets better than water—owing 
probably to the iron it contains—when solidified by 
cold, @. e., frozen. 

Bone, while it resists a voltaic current of low tension, 
fails to play the part. It permits the passage of dis- 
charge from the machine, and this although its structure 
be dried until it ceases to lose weight. The metal cal- 
cium in bone is probably sufficient to account for this 
result. 

Membranes from all parts and organs, while they are 
in the state of hydration in which they exist in the liv- 
ing body, fail to act as dielectrics. The membrane 


which incloses fat offers most resistance to the voltaic | 


current, but is quite useless as an insulator to a dis- 
charge from the machine. 
like the pia mater, are altogether out of the question. 
They conduet as readily as blood. 

The structures of all the vascular organs, liver, 
kidney, spleen, lung, are in like manner negative as 
dielectrics. They all conduct. 

Muscular structure is alike negative. 

Fat reduced by cold to an extremely solid state, to 
such solidity that the body could not move in it, plays 
the part of a dielectric. But fluidified by warmth, so 
as to become as flexible as it is in the body, it loses its 
insulating power to the discharge from the machine, 
although it retains it until the fluidity is much more 
complete in respect to the voltaic current. 

The secretions of the body, the urine, the sweat, the 
bile, the saliva, the mucus, the tears, are negative. 
They all conduet. 

The gelatinous structures are all negative. 

The nervous matter is the last and most important 
structure for inquiry. The gray matter plays no part 
as a dielectric. It conducts readily both the voltaic 
current and the discharge from the machine. The 
white matter of the nervous substance is different. It 
acts more after the manner of a crystalline fat—like 
spermaceti—as a dielectric, than any other substance 
in the body. The difficulty of determining whether or 
not it is dielectric depends on the difficulty of separat- 
ing it in the moist and fresh state from all connection 
of gray matter, of blood, and of membrane, for the 
purpose of securing a definite experimental result. 

Proceeding by manner of compound synthesis, as ex- 
plained in a previous number (Asclepiad for January, 
1886, pp.75-87), I obtained the body of alarge eel, that had 
been killed in the usual way by decapitation, and cut 
from the body transversely a portion four inches in 
length. I placed this portion of the body of the eel 
upright in a glass vessel nearly filled with pure fluid 
paraffine. I then passed down the center of the spinal 
cord a length of fine platinum wire, permitted the wire 
to stand three inches above the level of the paraffine, 
and to terminate in a small metal ball. The section 
of the body of the eel being thus well insulated, I 
touched the body of it externally with the finger while 
a charge was given to the metal ball from the positive 
of the statical machine, and when the charge began to 
be rejected I withdrew my finger. The cord surrounding 
the wire was left charged, as in the Leyden jar. On 


The vascular membranes, | 


| oe of the nervous system would be read ina 
much more simple form than they are at this time. 
| The fact would indicate that the nervous matter capa- 
ble of being charged is all charged by induction from 
the surrounding media, and a nervous cord, instead of 


he animate from the inanimate condi- 


it distinguishes t 
i matter.—B. W. Richardson, in The 


tion of animal 
Asclepiad. 


A VOLTAMETER FOR PROLONGING 
ELECTRIC LIGHT AND RENDERING 
REGULAR. 


THE velocity of a dynamo electric machine is never 
absolutely uniform. The rhythmic impulsion of the 
motor, the defects in transmission, and the variations 
in resistant work, alternately accelerate and retard its 
mean rate of running. The variations in electromotive 
force resulting from these irregularities are more or leas 
marked, according to the degree of perfection of the 
plant, and more or less endurable, according to the na- 
ture of the service required. 

If, for example, it coneerns lighting through incan- 
descence, slight changes in velocity produce great 
variations in the brillianey of the lamps—the luminous 
intensity being nearly proportional to the siwth power 
of the difference in potential at the two branches of 
distribution. In large carbon lamps, these irregulari- 
ties are diminished, on account of the bulk of the 
luminous part; but in those provided with fine fila- 
ments, the use of which is tending to become predomi- 
nant, the variations in lightness are very marked, and 
are so much the more troublesome in that they are 
synchronous in all the lamps. 

As well known, accumulators render the current 
sensibly regular, because the variations in their electro- 
motive foree are much less than those of the electro- 
motor that charges them. In accumulators of the Plante 
type, the superelevation of the difference in potential is 
but 8 percent. of the excess of electromotive force of 
the source. 

This explains why electric lighting with accumulat- 
ors is generally attended with great regularity, even 
when the mechanical features of the plant are defect- 
ive. This advantageous influence of secondary batter- 
ies upon the running of the machines is not disputed, 
even by their adversaries. 

The sole objection is that this very regularity would 
be too dearly paid for in cases where we should re- 
quire of accumulators this service alone, without util- 
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being considered a conductor, in the common sense of 
| that term, would be a cord extending from the centers 
| charged, like them, by induction. In short, the whole 
| nervous system standing alone would be a condenser 
charged by induction from the blood, the vascular 
| membranes, and the arterial pulsations, and giving out 





movements. The spinal cord, with its vascular gray 
center and investing vascular membrane, would be in 
the position of a Leyden condenser ; the brain, with 
| its ventricular fluid and plexuses within, and vascular 
covering and gray matter without, would be a great 
central condenser; and every nerve following a pulsat- 
ing artery, and connected with it, would be a peri- 
pheral condenser. 

There is much indirect indication of the correctness 
of this conception. At every minute of our lives the 
great arterial system is actively communicating to 
every part, central and peripheral, from sixty to eighty 
vibrations which can be objectively demonstrated, but 
are not subjectively felt. How are these vibrations 
absorbed, except by the nervous structure? Where 
are they stowed away, except in the white nervous 
fiber or insome subtile medium which that fiber secretes 
and holds? And these vibrations are, practically, life. 
In the experiment I have described in Asclepiad, vol. 
ii., pp. 180-182, in which I was trying to resuscitate an 
animal recently dead, I got the most remarkable ap- 
| proach to success on record by the process of injecting 
| over the arterial channels fresh blood in vibrating or 
pulsating current. 
of life temporarily returned. They were not perma- 


its foree, as demands are made upon it, to excite all | 


In this experiment the phenomena | 


VOLTAMETER FOR PROLONGING THE ELECTRIC LIGHT. 


use such as this, voltameters may be economically sub- 
stituted for accumulators properly so called. 

The regulating power of a secondary battery does 
not depend upon its electro-chemical capacity, but 
upon its rate of discharge ; in other words, a series of 
voltameters, slightly or not *‘ formed,” will operate as 
a regulator as well as, and perhaps better than, a bat- 
tery of accumulators of the same electromotive force 
and resistance. 

The question of capacity being set aside, the manu- 
facture of secondary couples becomes much simplified. 
At the same time, the selection of combinations is 
offered a wider field. Besides the Plante couple, which 
has up to the present been selected for accumulators, 
other systems may be tried. ‘the zine-lead couple, for 
| example, offers some important advantages when it is 

no longer required that the charge shall be preserved 
|for along time. Its high electromotive force of 2°4 
| volts, instead 1°9 volt, permits of diminishing the num- 

ber of the couples pod the resistance of the battery. 
| Its variations are still less than those of the lead-lead 
| combination ; and, finally, in cases in which a certain 
| capacity might be necessary in order to operate with- 
jout a machine for from 10 to 30 minutes, in case of an 
| accident, it can be ‘formed ” in a trice, as I shall pre- 
| sently show. 

The zinc-lead system has therefore been chosen for 
| my industrial voltameters, which are being constructed 
| by Messrs. A. Poulain & Son, at Charleville. The or- 
| dinary model is shown in the annexed cut. 
| The positive is a long strip of lead, bent in folds, and 
The nega- 








| having a supertficies of 2,400 square inches. 


nent, because they depended on my artificial pulse in-| tive consists of 21 leaden plates, interposed between 
stead of the natural animal battery which produces | the folds of the positive, and suspended from a lead- 
them in life; but they were declared for the time, and | covered copper collector, which rests upon the edges 


so far cleared the way for further advance toward their 
prime source. 

Iam brought back at this point toa theory which I 
put forward under the title ‘‘A Nervous Atmosphere 
or Ether” (Medical Times and Gazette, vol. ii., p. 113, 
for 1867, and vol. i., p. 507, for 1871), in which the 
attempt was made to prove that during life and at the 
natural temperature of the living body, there exists in 
the nervous fiber an atmosphere in sufficient ten- 
sion to be susceptible to all mechanical vibrations, and 
to play the part of an intercommunicating medium be- 
tween the nervous organism and the outer world. I 
proceed further now. 
located in the white structure of nervous matter ; that 
it possesses the dielectric qualities which are essential 
to an organic nervous mechanism, as well as of absorb- 
ing arterial pulsations and external vibrations present- 
ed to the nervous expanses ; and that, by its presence, 





|of the trough. The liquid consists of water acidulated 
— sulphuric acid, and half saturated with zine 
oxide. 

Voltameters are eee like accumulators, on a cir- 
| cuit derived from the principal current, of which they 
| receive a small fraction that keeps them charged. 

| In order to give these voltameters a certain capacity 
| for accumulation, it suffices to use Mr. Plante’s nitric 
preparation on the positive electrodes, which will thus 
| acquire the property of fixing a notable quantity of 
| oxygen ; as for the negative ones, they are ‘‘ formed” 
|in a trice by a deposit of electrolytic zinc. A battery 


I venture to suggest that it is|of voltameters, whose positives have been properly 


er 5 oor is capable of prolonging the lighting for a 
nalf hour—a sufficient space of time, in most cases, to 
permit of se the accident that caused the stop- 
page, or, at the least, to take such measures as the situa- 
tion demands, 
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The model here described is capable of rendering a 
100 alpere current regular. As its electromotive force 
is about 2°4 volts, it would take but about 44 voltame- 
ters of this model to render regular (and omen, if 
need be) the light of 200 Edison lamps of the new 16 
candle type, which expend 44 ampere, with a fall in 
potential of 100 volts. For the same service lead ac 
cumulators might be constructed in adouble form, and 
be employed to the number of 55. The saving ob 





tained by the substitution is 70 per cent. So voltame- | 


ters are destined to replace accumulators in all cases 
where it is a question merely of rendering a lighting 
regular, and of taking precautions against sudder ex- 
tinctions.—Z. Reynier, in La Nature. 


THE ELECTROSTATIC VOLTMETER 
CONSISTS of an air condenser with one of its plates 
capable of a to-and-fro motion so as to vary the capa- 
city of the condenser. 

The fixed bass plates are supported so as to be aeccu- 
rately parallel to each other and in metallic connection, 
while they are thoroughly insulated from the case of 
the instrument. The movable plate is of aluminum, 
and is supported in a vertical position on a knife edge ; 
the plane of its motion being parallel to the fixed plates 
and situated midway between them. The upper end 
of this movable plate hasa fine prolongation which 
serves as a pointer for indicating the deflections on the 
seale of the instrument, and at its lower end is fixed 
a knife edge having its length perpendicular to the 
plane in which the plate moves. 

There are two pairs of terminals, one pair for the 
fixed plates and the other pair for the movable plate, 
and each terminal is insulated from the case of 
the instrument. Of the pair on the left-hand side of 
the case, the terminal toward the back of the instru 
ment is in metallic connection with the fixed brass 
plates, while that toward the front (which may be 
called the working terminal) is simply an insulated 
brass pin. A glass U-tube is suspended between 
these two terminalis, and contains a safety are connect 
ing them, consisting of two short wires at the ends of the 





SIR WM. THOMSON’S ELECTROSTATIC VOLT- 
METER. (400 VOLTS TO 10,000 VOLTS.) 


U-tube and an intervening length of thread, kept moist 
by a little water inthe bend of the U-tube. The ter- 
minal toward the back of the instrument on the right- 
hand side is in metallic connection, through the V- 
groove support, with the movable plate; in other re 
spects the pair of terminals on the right is similar to 
the pair on the left. 


In order tosave time in taking readings, an arrange- | 


ment is provided for checking the oscillations of the 
movable plate, and stops are placed to limit its range 
and prevent damage to the pointer. 

When fixed and movable plates are connected re- 
spectively to two points of an electric circuit, between 
which there exists a difference of potential, the mov- 
able plate tends to move so as to augment the electro- 
static capacity of the instrument, and the magnitude of 
the force concerned in any case is proportional to the 
square of the difference of potential by which it is pro- 
duced. Inthe use of the instrument this force of at- | 
traction is balanced by the horizontal component of a 
weight of any convenient amount hung onthe knife 
edge at the bottom of the movable plate. 

The seale is graduated from 0 to 60, and the divisions 
represent equal differences of potential—the actual 
magnitude of the difference per division being depend- 
ent upon the weight in use at the time. A set of three 
weights is sent with each instrument, of, respectively, 
$2°5, 97°5, and 390 milligrammes, providing for three 
grades of measurement in the proportion of 1:2:4. 
Thus the instrument shows one division per 50 volts 
with the link (the lighest weight) alone on : one division 
per 100 volts with the medium weight hanging on the 
link, and one division per 200 volts with all three 
weights on. 

To set up the electrostatic voltmeter in working 
order : 

1. Having removed the glass door of the case, place 
the movable plate or vane on its knife edge support, 
handling it very carefully lest it be bent or twisted in 
the operation. A line drawn lengthwise on the surface 
of the movable plate and passing through its intersec- 
tion with the knife edge divides the portions above and 
below the knife edge into unequal parts. When the} 
movable plate is properly placed, this line is just seen | 
behind the vertical edge of the fixed plate when the 


; emery wheel, the friction of which caused showers of 
| sparks to be thrownout. These were so hot that some 





ge —_—_—= = 
pointer indicates zero, and the smaller segments of the} Mr. Ansdell had made some researches, froin whieh 
movable plate are then hidden from a front view by| they obtained the accompanying results, as regard 
being bet ween the fixed plates. the gases contained in meteorites : 7 
| 2. To detect, and if necessary correct, any accidental 
| bending of the pointer, with reference to the attracted | GASEOUS PRODUCTS EXTRACTED FROM M ETEORITES 
portion of the movable plate, hang one of the weights (DEWAR AND ANSDELL.) , 
on the lower knife edge ; takethe round pin sent inside siattinnsnstinimeiaitl = 

the case, and with it press the movable plate in between 
the fixed plates until it rests in the two V-notehes near 
the upper end of the vertical edges of the fixed plates ; 
| holding the pin so, rotate it about ita axis, and observe 
| that the pointer indicates a small thin line, seen on the 
| seale between division-numbers 30 and 40. | 2 
| 3%. Remove the weight and see whether the movable a 
| plate is in neutral equilibrium, and, if necessary, adjust 
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| with safety are for connecting to the two points whose Orgueil ........ ...)5 ( 
| difference of potential is to be measured, especially if 
| the difference in question be very great, or if a large _ atte x q 
Leyden battery,or a dynamo, be in connection ; as What is the origin of the gases in meteorites? Their 
otherwise damage might be done to the instrument. presence agrees with the discovery of Dr. Huggins, 
i a that comets give a hydrocarbon spectrum. The origin 


of terrestrial graphite is far from being agreed upon by 
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RECENT RESEARCHES ON METEORITES. 

In the course of a lecture on ‘‘ Meteorites,” recently 
delivered before the Royal Institution, Professor De- 
war gave details respecting some experiments he had 
been making in connection with extremely low tem- 
peratures, such as that of interstellar space. The 
question had been raised as to what chemical reactions 
could take place at these temperatures, and in his 
investigations Professor Dewar had discovered that at 
a temperature of about 130° C. liquid oxygen has no 
chemical action upon hydrogen, potassium, sodium, 
phosphorus, hydriodie acid, or sulphydrie acid. 

As an example of the low temperatures he could 
obtain, he exhibited at work the apparatus by which 
he had recently succeeded in solidifying oxygen for 
the first time. We illustrate this apparatus in the 
accompanying diagram, where a copper tube is seen 
passing through a vessel kept constantly full of ether 
and solid carbonie acid ; ethylene is sent through this 
tube, and is liquefied by the intense cold; it is then 
|conveyed by the tube, through an India rubber stop- 
| per, into the interior lower vessel ; the outer one is 
| filled with ether and solid carbonic acid. A continuous 
}copper tube, about 45 ft. long, conveying oxygen, 
| passes first through the outer vessel, and then through 

that containing the liquid ethylene ; the latter evap- 
orates through the space between the two vessels, and 
thus intense cold is produced, whereby oxygen is ‘ 
| liquefied in the tube to the extent occasionally of 22 SR 
|cubie centimeters. at one time. The temperature at Aa 
| which this is effected is about 130° C., at a pressure of . AXONS 
|75 atmospheres, but less pressure will suffice. When iii ss 
the oxygen is known to be liquid, by means of a gauge 
near the oxygen inlet, the valve, A, is opened, and the 
liquid oxygen rushes into a vacuum in the central glass 
| tube below ; some liquid ethylene at the bottom of the 
| next tube outward is also caused to evaporate into a 
|} vacuum at the same moment, and instantly some of 
| the liquid oxygen in the central tube becomes solid, 
owing to the intense cold of the double evaporation. 
The outer glass vessel serves to keep moisture from 
settling on the sides of the ethylene tube. By means 
of the electric lantern and a lens, an image of this part 
of the apparatus was projected upon the screen, this 
being the first time that the experiment had been 
shown on a large scale in public. 
| Professor Dewar, when performing the experiment 
before the Royal Institution, said that the temperature 
obtained was a little below 200° C., that is, only 50° to 
70° above the absolute zero of temperature, and that 
in the experiment about 5 lb. of liquid ethylene were 
employed. 

With reference to the main subject, Professor Dewar 
said that meteorites came from regions of intense cold 
into our atmosphere ; most of them weigh but a few 
ounces or pounds, but exceptional meteorites weigh 
several hundredweight. A spherical body 3 ft. in 
diameter, moving. at the rate of 18 miles a second at 
the height of 23 miles, where the barometric pressure 
is only 4 of an inch, produces locally a compression 
pressure 5,600 times greater than that of the surround- 
ing air. Descending vertically, it would pass through 
the whole atmosphere in 15 seconds. The velocity 
| stated in these data is relatively low as compared with 
that of planetary bodies. Meteorites travel at the rate 
of about 36 miles in a second. The velocity of a shot 
from a 100 ton gun is about half a mile per second. 

Meteorites reach the earth covered with a thin and 
| very remarkable glaze, due to the fusion of their exter- 

nal surface during their brief passage through the 
atmosphere. A velocity of 145 ft. per second in air 
gives an inerease of 10° temperature, and the rate con- 
| tinues as the square of the velocity. The surface tem- 
perature of a body moving at the rate of 39.miles per 
second would reach 2,000,000". 

The lecturer placed a piece of iron against a rotating 
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of the little globules of iron composing them were fused | geologists ; in some places it is evidently transformed 
into a plate of glass placed to catch them. Professor | coal, in other cases they cannot say whether it comes 
Dewar believed great similarities to exist between the| from vegetable or primitive sources. Whatever the 
flight of these globules and the flight of meteorites, the | origin of the graphite in meteorites, it contains similar 
heat and light in both cases being partly due to friction | impurities to those in terrestrial graphite ; the nodules 
and partly to chemical action. That chemical action | in celestial graphite are similar to those of terrestrial 
has an influence, he proved by applying oxygen gas to | graphite, and might as well have come from some body 
the sparks, thereby causing them to burn more bril- | like the earth as from any other source. Another con- 





| liantly, and by applying carbonic acid to them, thus | clusion is that the marsh gas is not occluded in meteor- 


reducing their brilliance. When a piece of meteorite | ites, but is a product of distillation by heat, just as 
was applied to the emery wheel in place of the piece of | the gas might be distilled from shales. The graphite 
iron, the sparks were far less abundant, and of a dull|of meteorites has no power of occluding marsh gas, 
red color. The glaze of meteorites can be imitated to | therefore the inference is that the marsh gas and hy- 
some extent by cooling a piece of meteorite to 200° C., | drogen in them are the result of the decomposition of 
and then dropping it for a moment into the electric | organie bodies. In the spectrum of one of the comets, 
furnace ; the temperature explains the glazing of a| Dr. Huggins once photographed a peculiar band in the 
meteorite, and that it has a motion of rotation must | ultra-violet, which band indicated the presence of 
also be considered in estimating the amount of frietion, |cyanogen. One meteorite on the table contained 
and therefore of heat, to which it is subjected in its| chloride of ammonium, therefore it contained a com- 
passage through the atmosphere of the earth. An | pound of nitrogen, and such presence would account 
enormous amount of its energy, however, is expend-| for the production of cyanogen. A meteoric fall before 
ed in heating the air, and aerial vibrations thus set/| scientific witnesses, Professor Dewar eontinued, is 
up explain the noises made by the passage of meteor-| much to be desired; a stones hould be picked up directly 
ites. Ai : after its fall, and before it has touched water, to give 

In considering the question of the relation of carbon | power to deal with the question whether meteorites. 
compounds to meteorites, and of the relation of mete-| contain water; if water be one of their constituents, 
orice carbon to natural carbon, Professor DeWar and ‘there is the possibility of numerous chemical interac. 
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ions. Meteorites appear to be of much the same na- 
case as comets, and may indeed be portions of the 
debris of comets trailing behind.—Industries. 






HISTORY OF THE DISCOVERY OF THE 
ASTRONOMICAL TELESCOPE. 
By E. LAGRANGE.* 


I. 

Amon@G the discoveries in the domain of astronomy 
and physies, there is, perhaps, none whose origin has 
given rise to more controversy than that of the tele- 
scope. The influence that such discovery has exerted 
upon the development of astronomical science, and, 
consequently, upon the conceptions as to the system of 
the world, isa preponderant one. It is not astonishing, 
therefore, that the various nations of the continent of 
Europe have endeavored to lay claims to the fortunate 
inventor of this instrument of celestial exploration. 
To tell the truth, the first person who conceived the in- 
genious idea of combining a set of concavo-concave and 
convexo-convex lenses must be considered as the author 
of the discovery. At least a century before the con- 
struction of the first telescope, numerous scientists had 
described and made known certain properties of a com- 
bination of two lenses, but not one of these, as far as} 
we have historic proofs of it, devised a practical in- | 
strument. It seems to us very improbable, at all 
events, that a discovery of this kind could have passed 
unnoticed, when we come to think of the noise that it 
made throughout Europe when it was announced at 
the beginning of the seventeenth century. 

Some authors have been pleased to refer the inven- 
tion of the telescope to a much remoter epoch, or even | 
to rob Europe of the glory of it; but none of the evidence | 
furnished by history permits us to conclude upon an | 
extra-European priority of invention. At the epoch in| 
which a number of scientists and inquirers, like Bailly, 
were endeavoring to fix the origin of a host of recent | 
discoveries upon Oriental peoples, and particularly | 
upon ,the Chinese, the same was done with the tele- | 
scope. 





The warrant of this was an extract from a} 
great encyclopedia, which bears the title of Wa-kauw- | 
san-sai-tsou-ye, and which appeared in Japan in 1713, | 
after several Chinese editions of it had been published. 
In this work mention is made of two satellites of Jupi- 
ter. This fact, which seems quite extraordinary at 
first sight, is very simply explained: A large number 
of observers, and, among them, Boussingault upon the 
plateau of Bogota, the Marquis of Ormonde upon 
Etna, Jacob at Madras, and others, have seen a cer- 
tain number of this planet’s satellites with the naked 
eye, and this disposes of all the pretensions that 
China or Japan may still put forth upon the basis of 
a somewhat obscure text. 

More than this, Arias Montanus, a celebrated scientist 
and theologian of the seventeenth century, held the 
opinion that the telescope was a diabolical invention ; 
and he found a confirmation of it in a passage of the 
Gospel according to St. Matthew, where it is said that 
the devil led our Lord to the top of a high mountain, 
whence he pointed out all the kingdoms of the earth 
and their splendor. Montanus concluded from this 
that the devil was provided with a telescope ! 

I do not know who, feeling authorized by a passage 
in Diodorus Siculus, attributed a knowledge of this in- 
strument to the ancients. Diodorus tells us that Heca- 
teus of Miletus mentions in his writings an island to 
the north of the country of the Celts, whose inhab- 
itants are all priests of Apollo. The moon isso near! 
this country that mountains can be recognized on its | 
surface. Some bold commentators have, therefore, 
held that at the epoch of Hecatzeus (which was that of 
Alexander the Great) the telescope was in very wide- 
spread use at the north of the European continent. 
But let us pass on to historic reality. 

The English, through a feeling of national vanity, 
have put forward Roger Bacon (1267). This great man 
seems to have believed in the possibility of an instru- 
ment that could bring objects near to the eye by in- 
creasing their apparent dimensions, but all that he has 
said upon the subject may be taken for a simple jeu 
@Wesprit merely. Roger Bacon certainly never con- 
structed a telescope; but this detracts nothing from 
his fame, since he has, without anything being added 
thereto, sufficient claims upon the admiration of pos- 
terity. 

Italy, the cradle of the revival of arts, sciences, and 
letters, has, on her side, upheld the candidature of | 
Porta, the author of the Magia Naturalis (1589). | 
Porta was, in fact, a very original genius, as is proved | 
by the works that ke has left; but he had one deplor- | 
able failing—that of never citing the sources whence | 
he - the facts that he gives as coming from his own 
stock. 

We have said that, at the epoch of this learned 
Italian (toward the end of the sixteenth century), it 
was Well known what advantages could be obtained by 
the superposition of two lenses, one concavo-concave 
and the other convexo-convex ; they had already been 
set forth by Fracastoreus in 1538. Not only was Porta 
not the author of this discovery, but the rapid way in 
which he skims over the subject permits us to con- 
clude that he had not made himself aware of the im- 
»ortance of the thing and the consequences to which 
it could lead. 

Finally, toward the same epoch, Thomas, the son of 
Leonard Diggs, published a second edition of a work 
composed by his father, and entitled Pantometry. 
Leonard Diggs, who was born at Bristol, where he died 
in 1573, had, according to his son, succeeded in com- 
bining two lenses in such a way as to render the most 
distant objects distinct. Brewster has even taken this 
story of the son’s as a basis for attributing the pater- 
nity of the invention to the father. But, once again, 
there was a wide gap between that quite general learn- 
ing that formed a part of science at this epoch and the 
invention of the telescope. As for the reproach that 
has been cast upon Thomas Diggs of having borrowed 
from Porta, that falls when we come to compare the 
dates of publication of the two works. The Panto- 
metry (first edition) is dated 1571, while the complete 
edition of the Magia Naturalis is dated 1589. The 
most that can be done is to trace back to Diggs the 
origin of what we find in Porta’s works upon the sub- 
ject of the telescope. 

It results, from what we have seen up till now, that 
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| Borelius, the true inventors of the telescope were two 


the telescope did not originate in the sixteenth century, 
although the properties of a concave and convex lens 
combined were known at that epoch. Let us recall, 
too, that a certain advantage had been derived there- 
from, since the first eye-glasses date from that epoch, 
as we learn from some passages in the work of Porta, 
and in that of Gaspard Schott, the Magia Universalis 
Nature et Artis. 

The great discovery was reserved for the first years of 
the seventeenth century. It was to be followed by in- 
calculable results ; it was to give the last blow to the 
cosmogonic systems of the ancients and of Tycho 
Brahe, to give astronomical science a new impetus, and 
permit mankind to judge of its true place in the uni- 
verse. 


It. 


Descartes, to whom we are indebted for the true 
laws of the refraction of light, wrote in his Déioptrics 
|in 1687: ‘To the disgrace of our sciences, this inven- 
| tion (that of the telescope), which is so useful and ad- 
mirable, was primarily discovered merely by experi- 
j}ment and chance. It was about thirty years ago that 
| a person named Jacques Metius, of the city of Alkmaar, 
| Holland, a man who had never studied (although he 
had a father and brother who professed to understand 
mathematics), but who took particular pleasure in 
making mirrors and burning lenses of ice in winter, as 





experiment has shown that they can be so made, hav- | 


ing on one oceasion several lenses of various forms, 
took a notion, by good luck, te look through two, one 
of which was a little thicker in the middle than at 
the edges, and the other, on the contrary, much thick- 
er at the edges than in the center; and these he ap- 
plied so felicitously to the end of a tube as to form 
the first telescope of which we are speaking.” 

This passage from Descartes’ Dioptrics has long been 
admitted as evidence, especially among French writers, 
and upon its authority the priority of the invention 
has been attributed to Metius. There is nothing in 
this, however; and what is to be remarked in these 
lines is the part that Descartes accords to accident in 
the discovery. It is quite astonishing that so distin- 
guished a mind could content itself with such explana- 
tions. The great geometer, who was better posted 
than any one else on the scientific attainments of his 
time, seems here to put forth an opinion upon a subject 
on which he had but slightly reflected. He seems, 
moreover, to have received very scant information 
only as to the author and the mode of the discovery. 

We now reach the years bordering on 1608, the epoch 
at which the first telescopes made their appearance. 
The noise made over this event well showed what im- 
portance the scientific world of the period attached to 
it. The ambassadors of France to the States General 
informed Henri IV. of it, all scientific Germany inter- 
ested itself in it, Kepler at once outlined dioptrics, 
Descartes caused it to take a Gecisive step, and, finally, 
Galileo improved the new instrument and pointed out 
its great range. 

But, at this epoch, the name of the true inventor was 
already enveloped in darkness. It was well known 
that the fortunate discoverer was Dutch, and it was 
even believed that he belonged in Middelbourg, and 
was by his profession naturally led to study the won- 
ders of opties, since he was credited with being a 
spectacle maker. But the facts, meanwhile, were not 
put together with precision, and the curious of the 
period were inquiring for the truth of the details. 

Up to 1831, a letter from Guillaume Borelius (ambas- 
sador of the States General) to Pierre Borellus* was the 
principal document upon which commentators relied. 
Borellus, a physician to the king, had asked Borelius 
to furnish him with such details as he possessed in re- 
gard to the new invention. 

The Dutch ambassador, who was born at Middel- 
bourg, ought, better than any one else, to have been 
able to satisfy him. Borelius’ letter is too lengthy to 
reproduce in this place, and we shall be content to 
recapitulate the principal points of it. According to 


spectacle makers of Middelbourg, Hans and his son 
Zacharias. When a child, says Borelius, I played with 
young Zacharias, and remember passing hours at a 
time in his father’s shop. It is related that Hans and 
his son first invented a microscope, which they pre- 
sented to Prince Maurice of Nassau. Later on, Arch- 
duke Albert likewise received one from their hands. 
In 1619, while ambassador to England, continues Bore- | 
lius, I met a Dutchman from Alkmaar named Cornelius | 
Drebelius, a mathematician to King James, who show- | 
ed me the last-mentioned microscope, which the arch- 
duke had presented to him. 

It was not till 1610 that Zacharias invented the astro- 
nomical telescope ; and, as soon as the report of the 
discovery spread, people flocked to Middelbourg from 
all quarters. A Dutchman, whose name I know not, 
upon reaching the city, and not knowing where the 
inventor lived, visited the house of one of the latter’s 
neighbors, who likewise was a spectacle maker. This 
man made the stranger believe that he was the true 
inventor, and, thanks to his quick wit, and his general 
knowledge of Zacharias’ invention, as well as to his 
daily conversations with the inventor, he succeeded in 
thoroughly satisfying his customer, and in construct- 
ing perfect instruments for him. After this, he was 
reputed in the country to be the author of the dis- 
covery. 

This error was unmasked later on, in 1620, when 
Adrien Metius and Cornelius Drebelius went to Middel- 
bourg and entered into relations with Zacharias Johan- 
nides. 

There are several points to be called attention to in 
these passages from Borelius’ letter. The microscope 
which he speaks of as being of Zacharias’ invention was 
certainly not the instrument that we now call by that 
name ; and the best proof of this is a description which 
is given in the letter, but which we have not repro- 
duced. In the second place, we get a glimpse of the 
cause that led Descartes to attribute the paternity of 
the astronomical telescope to Metius. 

It is not surprising that so clear and important testi- 
mony was for along time law. On another hand, one 
very valid document gives Laprey (sometimes called 
Lippershey) as the true inventor. This is a deelara- 
tion signed by the aldermen of the commune of Mid- 
delbourg, dated 1655. These magistrates had sum- 
moned before them three old men, Jacob Wilhelm, 


Adolphe Kien, and Abraham Junius, in order to obtain 
some light upon a question that so much interested 
the city’s honor. ‘he testimony of these men agreed 
in attributing the priority of the invention to Jean 
Laprey. Borelius’ error can be accounted for only by 
the fact of the similarity of the Christian names by 
which persons were often designated at this epoch. It 
is true that another document, which appears to be 
just as valid, gives us, likewise under the seal of the 
same commune, Jean and Zacharias as the true invent- 
ors, and consequently confirms Borelius’ letter. 

The question was therefore undecided, and remained 
in the same state for many years; and so, both in 
Holland and foreign countries, the most contradictory 
opinions have been put forth as to the inventor of the 
telescope. 

The news of the discovery did not excite the same 
curiosity in all. As we have already hinted, Jeanin 
and Russy, the French ambassadors to the States 
General, hastened in 1608 to announce to Henri LV. 
the great news that was agitating entire Holland, and 
informed him that they were going to do their utmost 
to procure the wonderful instrument for him. The 
king’s answer, dated January 8, 1609, was quite curt: 
‘IT shall take pleasure,” it reads, ‘‘in seeing the eye- 
glass * that your letter mentions, although just now I 
have greater need of such as will aid in seeing close by 
than to a distance.” 

Galileo received the news like a true scientist and 
| perspicacious genius, An interesting chapter of his- 
tory might be composed in showing the advantages 
that the great Florentine derived from the Middel- 
bourg spectacle-maker’s discovery, but we have neither 
time nor space for it. We shall be content to observe 
that Galileo, to whom also has been attributed the 
discovery, has acknowledged that he was not the 
inventor. 

We are obliged to wait until the end of the first 
third of the nineteenth century in order to see the 

uestion of the origin of the telescope completely set- 
tled. We owe the solution to Van Swinden, professor 
of physics at Amsterdam, and to Prof. Moll, of Utrecht. 
The state archives have permitted of establishing the 
real rights of each, and of deciding between Hans and 
Zacharias and Laprey and the Metiuses. Van Swinden 
found a letter from Metius to the States, dated Oct. 17, 
1608, in which he declares that for two years past he 
had devoted all his waking hours to the search for an 
instrument that should permit of bringing distant ob- 
jects near by, and that he had finally succeeded in it. 
He adds that he thinks that he has been just as suc- 
cessful as the Middelbourg spectacle-maker, who had 
just made known a similar invention. The question 
was therefore decided in favor of the citizens of the 
Dutch city. A second document, which was found at 
Hague, decided between the two remaining contestants. 
This document is a petition of Jean Lippershey’s 
(born at Wesel, and a spectacle-maker at Middelbourg) 
to the States General, requesting a thirty years’ patent 
for his invention. In the papers thereto annexed, the 
States certify that they will be ready to comply with 
his request when he succeeds in rendering his instru- 
ment capable of ay - used with both eyes. Later on, 
they waived this clause, and named a committee, 
composed of individuals selected from all the pro- 
vinces, to decide upon the value of Lippershey’s inven- 
tion. The experiments were performed at the top of 
the tower of Prince Maurice’s palace, and entirely 
satisfied the committee. The inventor received an 
order,to construct, on the States’ account, two binocular 
instruments, whose lenses should be of rock crystal, 
and for which he was to,be paid 900 guilders. As for a 
patent, that was refused him, under the pretext that 
the invention was already so widely spread that pro- 
tection could not be guaranteed it. 

The true inventor of the telescope, then, is Lipper- 
shey, a Middelbourg spectacle-maker, and the date of 
the invention can be fixed with certainty at 1608. 


| 








AGRICULTURAL EXPERIMENTS.+ 
By R. ROMANIS. 
TEN plats were manured with ground bones, dissolv- 


ed bones, and niter for three years. The result shows 
that ground bones are the most economical manure for 


| rice in the soil of the Irrawadi delta. The largest crop 


was given by a mixture of 10 ewt. ground bones wit 1 
114 ewt. niter per acre, viz., 2,890 lb. of grain against 
1,940 lb. by the unmanured. 


Composition of Grain Grown with Various Manures. 


I. II, IIt. 
let year, 
2years Ground Bones. Bones, 
unmanured. 2d year, 2 years. 
No manure. 
Cellulose .......... . .10°%8 10°10 8°94 
Alkaline extract. ..... 13°20 12°30 10°43 
Alcoholic extract..... 2°24 1°20 1°93 
Water extract........ 2°35 2°87 2°23 
Benzol extract....... 4°93 2°18 3°31 
ss covacnes .. -66°F2 70°60 73°13 
Ash of Rice. (By J. TSAw Os WHITE.) 

Unhusked, Husked, 
EE nicer Gucn gat eueestwenens 7°35 16°99 
Pie dacenones Denetaties knees 0°53 2-05 
BEEDLs spec phakncbatanens seus 0°66 1°19 
Oe a eraidie 3°03 11°76 

PONED OMI oo ccc ccccccecesecces 2°46 2% 
Phosphoric acid...... ....+++-- 10°65 45°96 
i < oc:cn0c tc cpensnnenss 75°32 19 69 
Ash of Indigo Stem. 

NIN 5. ain diniie niles niall cee eee Saas 42°22 
lL” “ees bon cbiecweinemendebinitenuemsraae 5°97 
pC jingu details daddy ee 18°54 
Mag@MeGi. .. 2.6 ..0000 sacrecvccccccsccccons 6°27 
PII, wn vigincinen 6 cone cane ssieatanahilehaat ian 1°06 
Phosphoric avid....... .... «++. seenen Cee 
Sulphuric acid..........++..++.++ EE 
ER dewinssecccc2as once poietic ouves =n 





* In order to make the king’s allusion to the instrument understood, it 
should be stated that “eve-giass ” and “ telescope” are expressed by the 
same word in French, viz., /unette. 





* Inserted in Borellus’ “ De vero telescopu inventore.” 


+ Notes from the Laboratory of the Chemical Examiner to the Govern- 
ment, Burma, , 
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Ash of Juice of Sugar-Cane Grown at 


Localities. 
I. IT. 
Peer ee 83°80 36°09 
GE % 6000's one Cue eade we? ces cena 2°25 
ED. 0 o'é5> 0 08 Sesh weds 1 bbNCS 1°42 781 
Lime. ute ieewed ae’ 1°38 1°39 
NN. Cn. sewewee ee’ +» 1°38 2°17 
Phosphoric acid .. 302 11°32 
Sulphuric acid ..... Sere. 23°24 
Silieie acid.... .. re .. 3:38 9°46 
Chloride of potassium.......... “00 6°24 
100 100 


No. 1 eame from a district near the sea; the sugar is 
said not to crystallize. No. 2is the same cane grown 
at Rangoon ; it crystallized without difficulty. 


ANALYSIS 6 JADE FROM BURMAH. 


Specimen of Jade from Mogaung, found in the Palace 
at Mandalay. (By J. T. O8 WHITE.) 


Silica 49°13 
pO ee 19°26 
I iwe-esenesoeceeeurseeneesee 6°56 
LUGS fe benescenseReeuwedr tS eueseee ne 11°33 
Lid. 6cngenshseewGee keener sa vane Oe 
Sch secbls teedeew cua rawbees 6 soee OU 
CLS eb edcceerseedeotres gatiwitwens 7°07 

100°06 

AMONG THE GUMS AND TURPENTINES. 


DURING a recent excursion of one of our artists along 


Two Different 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 556. 


SENOR CASTELAR. 


CASTELAR is known throughout Europe as really the 
most complete expression of Spanish eloquence. He 
earries his worship of form almost to idolatry ; his elo- 
quence is music, his dietion the slave of hisear. He 
says or does not say a thing ; or, rather, he says it bet- 
ter in one sense than in another, according as it rounds 
or does not round a period. 
mind ; he follows, obeys it, and sacrifices to it all that 
offends. His periods are strophes; it is necessary to 
hear in order to believe that human language without 
poetic measure can thus approach the harmony of 
poesy and of song. He is more the artist than the 
politician ; he has not only the genius but the heart of 
the artist 
of malice. 
an abusive epithet ; 
voked a serious personal encounter ; has never recourse 
to a satire, nor ever makes use of irony. Into his most 
violent philippies he never infuses a drop of gall; and 


this is evidence of the fact that a republican, an op-| 


ponent of every ministry, a journalistic gladiator, the 
perpetual accuser of whomsoever holds power, and of 
all who are not fanatical for liberty, he has made him- 
self hated by no one. And, with all this, his speeches 
are enjoyed and never feared ; his language is too beau- 
tiful to be terrible, his character too ingenuous for him 
to exercise a political influence. He does not know 


how to fence, to plot, to trim his sails—he is fitted only | 


to please and to shine. His eloquence, when greatest, 
is tender; his most beautiful discourses draw tears. 
For him the chamber is a theater; like a political im- 
provisatore, in order to have a full and calm inspira- 
tion he must speak at a certain hour, upon a deter- 
mined point, and with an allotted time of liberty to 





AUSTRALIAN 


that portion of the Northern railway route lying be- 
tween Gosford and Lake Macquarie, New South 
Wales, he was astonished at the wealth of timber that 
will become marketable when the railway is open. Our 
New South Wales friends are importing large quanti- 
ties of lumber every week, though there is, compara- 
tively near, growing timber equal to any in the world. 
At Gillaby Gillaby, where the view given above 
was taken, forests of gum trees or eucalypti may be 
seen towering as high as 200 feet, and of as much as 15 
feet diameter, without a branch for 50 or 60 feet. The 
turpentine trees are equally remarkable in appearance, 
as it would be difficult to find a crooked trunk within 
hundreds of yards of any point. The latter trees have 
not yet been sufficiently appreciated, though several 
years ago the late Captain Shoobert announced the 
fact that it is the only indigenous timber New South 
Wales has possessing the merit of being impervious to 
the attacks of the JVeredo navalis. This he proved 
most conclusively, and latterly almost every new wharf 
constructed in and about Sydney stands upon turpen- 
tine piles. 

When means of transportation by rail become avail- 
able, those who are fortunate enough to have land 
timbered with this invaluable tree will have reason to 
congratulate themselves on their good fortune. In 
South Australia we have some splendid timber, though 
not of so great a size as that growing in Gippsland, 
Victoria, and in various parts of New South Wales. 
The white gum, found growing in the southeast part 
of this province, also at Echunga in the Valley of the 
Onkaparinga, and in other parts of the colony, is pro- 
bably the tallest tree we possess. Its height varies 
from 70 to 140 feet. In West Australia the: jarrah 
reaches 200 feet in height.—Pictorial Australian. 


M. MANASSEIN, a physician of St. Petersburg, avers 
that cocaine is unequaled in seasickness. He also 
finds it effective in cholera morbus, and thinks it will 
prove a great remedy for Asiatic cholera, 





| ful to hear him say of himself: 


|do ‘not venture to protest, for thus arrayed they even 


GUM 


TREES. 


himself. For this reason, the day on which he is to| 
speak he has an understanding with the president of | 
the Chamber that his turn will come when the galleries 
are most crowded and all the deputies are in their 
places, his own paper announcing his speech the eve- 
ning previous, in order that ladies may be able to pro- 
vide themselves with tickets. He has need of this ex- 
citement. Before speaking he is uneasy, and cannot 
remain still for an instant. He enters the Chamber, 
leaves it, re-enters, turns to go out, takes the round of 
the corridors and library, where he turns over the 
leaves of a volume—in a word, he is in a fever of ex- 
citement. It seems to him as if he could not utter a} 
syllable—that he must excite ridicule, and be hissed. 
In his mind no longer remains a single lucid idea of his 
speech ; everything is confused ; everything forgotten. 
‘** How is your pulse ?” his friends inquire of him, with 
asmile. The supreme moment arrived, he springs to 
the floor, with head bent, pale and trembling, like a| 
criminal about to be executed, resigned to lose ina 
single moment the glory acquired through so many 
years, and with such indefatigable labor. At this in- 
stant, an enemy even would compassionate his condi- 


tion. He rises, throws a rapid glance around him, and 
speaks: ‘‘Senores!” He is safe; his courage is restor- 


ed to him; his brain is again unclouded ; his speech 
rearranges itself in his mind like a long forgotten | 
melody. The president, the Cortes, the galleries, disap- | 
pear ; he seesonly bis own gestures ; hears only his own 
voice ; feels but the irresistible flame that enkindles 
the foree of his own matchless eloquence. It is beauti- 

t do not see the walls 
of the apartment, even. I behold distant lands and 
peoples which I have never seen before.” He speaks 
for hours together, and not a deputy leaves the hall, 
not a voice interrupts, not a movement distracts him. 
Not even when he violates parliamentary rules has the 
president the courage to interrupt him. Clad in robes 
of dazzling whiteness, and crowned with roses, he por- 
trays at will the image of his republic ; and monarchists 





He has a harmony in his | 


the heart of a child, incapable of enmity or | 
In all his speeches there is not to be found | 
in the Cortes he has never pro-| 


Aveust 28, 1886. 





| find her beautiful. Castelar is lord of the assemb} 
He flashes and fulminates, scintillates and beams likes 
Seu Wartifice; he provokes a smile or he calls forth 
enthusiastic shouts, ending in the midst of an outburst 
of applause, and vanishing from the Chamber with hig 
head in the clouds. Such is this famous Castelar pro- 
fessor of history in the university, a most prolifie 
| writer on polities, art, and religion, a publicist who 
draws from American journals ten thousand dollars 
yearly; an acadenjcian, unanimously elected by the 
Spanish Academy, pointed out in the thoroughfares 
feted by the populace, loved by even his opponents : a 
|young man, polished, generous, a little vain, and a 
favorite of Fortune.—7vanslated for Public Opinion 
Srom the Italian of Edwara’s Amices, 





A CATALOGUE containing brief notices of many im- 
portant scientific papers heretofore published in the 
| SUPPLEMENT, may be had gratis at this office, 
| 
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All the back numbers of THE SUPPLEMENT, from the 
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